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PREFACE
The Occupational Safety and Health Act of 1970 emphasizes the need 
for standards to protect the health and safety of workers exposed to an 
ever-increasing number of potential hazards at their workplace. The 
National Institute for Occupational Safety and Health has projected a 
formal system of research, with priorities determined on the basis of 
specified indices, to provide relevant data from which valid criteria for 
effective standards can be derived. Recommended standards for occupational 
exposure, which are the result of this work, are based on the health 
effects of exposure. The Secretary of Labor will weigh these 
recommendations along with other considerations such as feasibility and 
means of implementation in developing regulatory standards.
It is intended to present successive reports as research and 
epidemiologic studies are completed and as sampling and analytical methods 
are developed. Criteria and standards will be reviewed periodically to 
ensure continuing protection of the worker.
I am pleased to acknowledge the contributions to this report on 
methyl alcohol by members of my staff and the valuable constructive 
comments by the Review Consultants on Methyl Alcohol, by the ad hoc 
committees of the American Industrial Hygiene Association and the American 
Medical Association, and by Robert B. O'Connor, M.D., NIOSH consultant in 
occupational medicine. The NIOSH recommendations for standards are not
necessarily a consensus of all the consultants and professional societies 
that reviewed this criteria document on methyl alcohol. Lists of the NIOSH 
Review Committee members and of the Review Consultants appear on the 
following pages.
'U i. A i)
aohn F. Finklea, M.D.
Director, National Institute for 
Occupational Safety and Health
The Division of Criteria Documentation and Standard 
Development, National Institute for Occupational 
Safety and Health, had primary responsibility for 
development of the criteria and the recommended 
standard for methyl alcohol. Stanford Research 
Institute developed the basic information and the 
final document for consideration by NIOSH staff and 
consultants under contract No. CDC-99-74-31. Gamil 
Debbas, Ph.D., was the NIOSH criteria manager during 
the development of this document.
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I. RECOMMENDATIONS FOR A METHYL ALCOHOL STANDARD
The National Institute for Occupational Safety and Health (NIOSH) 
recommends that employee exposure to methyl alcohol in the workplace be 
controlled by adherence to the following sections- The standard is 
designed to protect the health and safety of workers for up to a 10-hour 
workday, 40-hour workweek, over a working lifetime. Compliance with all 
sections of the standard should therefore prevent adverse effects of methyl 
alcohol on the health and safety of employees. The recommended standard is 
measurable by techniques that are valid, reproducible, and available to 
industry and governmental agencies. Sufficient technology exists to permit 
compliance with the recommended standard. Although the workplace 
environmental limits are considered to be safe levels based on current 
information, they should be regarded as the upper boundary of exposure and 
every effort should be made to maintain the exposure as low as is 
technically feasible. The criteria and standard will be subject to review 
and revision as necessary.
These criteria and the recommended standard apply to occupational 
exposure of workers to the aliphatic alcohol CH30H, hereinafter referred to 
as "methyl alcohol." Synonyms for methyl alcohol include wood spirit, 
carbinol, wood alcohol, wood naphtha, Columbian spirit, colonial spirit, 
methylol, pyroxylic spirit, monohydroxymethane, methyl hydroxide, and 
methanol. "Action level" means half of the time-weighted average (TWA) 
environmental exposure limit for methyl alcohol. "Occupational exposure to 
methyl alcohol" means exposure at or above the action level. If "exposure" 
to other chemicals also occiirs, for example to a combination of methyl
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alcohol and acetone, provisions of any applicable standard for the other 
chemicals shall also be followed.
Section 1 - Environmental (Workplace Air)
(a) Concentration
Occupational exposure to methyl alcohol shall be controlled so as not 
to exceed 200 parts per million (200 ppm) parts of air by volume (262 
milligrams per cubic meter of air) determined as a time-weighted average 
(TWA) exposure for up to a 10-hour workday, 40-hour workweek, with a 
ceiling of 800 ppm (1,048 mg/cu m) as determined by a sampling time of 15 
minutes.
(b) Sampling, Calibration, and Analysis
Procedures for collection and analysis of environmental samples shall 
be as provided in Appendices I and II, or by any methods shown to be 
equivalent in precision, sensitivity, and accuracy to the methods 
specified.
Section 2 - Medical
Medical surveillance shall be made available as specified below for 
all employees occupationally exposed to methyl alcohol.
(a) Preplacement medical examinations shall include:
(1) A comprehensive work history.
(2) A complete physical examination which should include an
ophthalmologic examination.
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(b) Medical surveillance and management including ophthalmologic 
examination shall be promptly provided to any employee who develops ocular 
symptoms, or has had methyl alcohol splashed in the eyes, or has ingested 
methyl alcohol, or has been accidentally overexposed by inhalation or 
dermal contact.
(c) Periodic medical surveillance should be performed annually for 
all employees occupationally exposed to methyl alcohol.
(d) Initial examinations for employees who are occupationally 
exposed to methyl alcohol at the time of the promulgation of a standard 
incorporating these recommendations shall be made available within 6 
months.
(e) Medical records shall be maintained for all persons with 
occupational exposure to methyl alcohol and for maintenance personnel with 
occasional exposure. Pertinent medical records, including information on 
required medical examinations, shall be retained for at least 5 years after 
the termination of the individual’s employment.
(f) Pertinent records shall be available to the designated medical 
representatives of the Secretary of Health, Education, and Welfare, of the 
Secretary of Labor, of the employee or former employee, and of the 
employer.
Section 3 - Labeling (Posting)
(a) Labeling
The following warning sign shall be affixed in a readily visible 
location on methyl alcohol storage tanks or containers:
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METHYL ALCOHOL 
(METHANOL)
WARNING! FLAMMABLE
CAN BE FATAL OR CAUSE BLINDNESS IF SWALLOWED
Keep away from heat, sparks, and open flame.
No smoking permitted.
Do not take internally.
Keep container closed.
Avoid prolonged or repeated breathing of vapor 
or contact with skin.
Avoid contact with eyes.
Use with adequate ventilation.
First Aid: In case of eye or skin contact, flush thoroughly with copious
amounts of water. In case of accidental swallowing, 
call a physician and induce vomiting if the patient 
is conscious. Change clothing if contaminated.
In case of
Fire: Use water, spray, "alcohol" type foam, dry chemical, or 
carbon dioxide extinguishers.
Spill: Flush area with water spray.
(b) Posting
Areas in which methyl alcohol is present shall be posted with a sign 
reading:
METHYL ALCOHOL 
(Methanol)
WARNING! FLAMMABLE
HARMFUL IF INHALED 
CAN BE FATAL OR CAUSE BLINDNESS IF SWALLOWED 
IRRITATING TO SKIN OR EYES
No smoking permitted.
Provide adequate ventilation.
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These warning signs shall be printed both in English and in the 
predominant language of non-English-speaking employees. All employees 
shall be trained and informed of the hazardous areas with special
instructions given to illiterate employees.
Section 4 - Personal Protective Equipment and Clothing
(a) Protective Clothing
(1) Appropriate protective clothing, including gloves, 
aprons, suits, boots, and face shields that are impervious to methyl 
alcohol, shall be provided and worn where needed to prevent repeated or 
prolonged skin contact.
(2) Soap and water shall be made available to cleanse 
contaminated skin.
(3) Unless clothing impervious to methyl alcohol is being 
worn, a change of clothing shall be made immediately available to and used 
by each employee whose clothes become contaminated with liquid methyl
alcohol.
(b) Eye Protection
Chemical safety goggles or face shields meeting the requirements of 
29 CFR 1910.133 and ANSI Z87.1-1968 shall be provided and worn in any 
operation in which there is a reasonable probability that methyl alcohol 
may be splashed into the eyes.
(c) Respiratory Protection
(1) Engineering controls shall be used wherever feasible to
maintain methyl alcohol concentrations below the TWA and ceiling 
environmental limits. Such control equipment shall be sparkproof.
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Compliance with the environmental limits may not be achieved by the use of 
respirators except:
(A) During the time period necessary to install or 
test the required engineering controls.
(B) For nonroutine operations such as brief
exposures at concentrations in excess of the environmental limits resulting
from maintenance or repair activities.
(C) During emergencies when air concentrations of 
methyl alcohol may exceed the environmental limits.
(2) When a respirator is permitted by paragraph (c)(1) of 
this Section, it shall be selected and used pursuant to the following 
requirements:
(A) For the purpose of determining the type of
respirator to be used, the employer shall measure the atmospheric
concentration of methyl alcohol in the workplace initially and thereafter 
whenever process, worksite, climate, or control changes occur which are 
likely to increase the methyl alcohol concentrations. This requirement
shall not apply when only atmosphere-supplying positive pressure
respirators will be used. The employer shall ensure that no employee is 
being exposed to methyl alcohol in excess of the environmental limits 
because of improper respirator selection, fit, use, or maintenance.
(B) A respiratory protection program meeting the 
requirements of 29 CFR 1910.134 as amended shall be established and 
enforced by the employer.
(C) The employer shall provide respirators in 
accordance with Table 1-1 and shall ensure that the employee uses the
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respirator provided.
(D) Respiratory protective devices described in
Table 1-1 shall be those approved under the provisions of 30 CFR 11.
(E) Respirators specified for use in higher concen­
trations of methyl alcohol may be used in atmospheres of lower
concentrations.'
(F) The employer shall ensure that respirators are 
adequately cleaned, and that employees are instructed on the use of 
respirators assigned to them and on how to test for leakage.
(G) Where an emergency may develop which could 
result in employee overexposure to methyl alcohol, the employer shall 
provide respiratory protection as listed in Table 1-1.
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TABLE 1-1
RESPIRATOR SELECTION GUIDE FOR PROTECTION AGAINST METHYL ALCOHOL
Concentration Respirator Type
Less than or 
equal to 2,000 ppm
(1) A supplied-air respirator
(2) A self-contained breathing 
apparatus
Less than or 
equal to 10,000 ppm
(1) A supplied-air respirator with a 
full facepiece, helmet, or hood
(2) Any self-contained breathing ap­
paratus with a full facepiece
Less than or 
equal to 25,000 ppm
A Type C supplied-air respirator 
with a full facepiece operated in 
pressure-demand or other positive 
pressure mode or with a full face­
piece, helmet, or hood operated 
in continuous-flow mode
Greater than 
25,000 ppm
CAUTION!
The lower explosive 
limit is approximately 
67,000 ppm
(1) Self-contained breathing apparatus 
with a full facepiece operated in 
pressure-demand or other positive 
pressure mode
(2) A combination respirator which includes 
a Type C supplied-air respirator with
a full facepiece operated in pressure- 
demand or other positive pressure or 
continuous-flow mode and an auxiliary 
self-contained breathing apparatus 
operated in pressure-demand or other 
positive pressure mode
Firefighting Self-contained breathing apparatus 
with a full facepiece operated in 
pressure-demand or other positive 
pressure mode
Escape (1) Any gas mask providing protection 
against methyl alcohol
(2) Any escape self-contained breathing 
apparatus
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(a) Each employee occupationally exposed to methyl alcohol shall 
be informed of the hazards, especially flammability; the consequences of 
overexposure by ingestion, inhalation, and skin contact; appropriate 
emergency procedures; proper conditions for safe use, and precautions to 
minimize exposure. Records of such training should be kept to facilitate 
checking of the training and frequency of such training for each worker. 
The employee should be reinformed at least once a year, or whenever there 
is a process change. This apprisal shall include, as a minimum, all 
information set forth in Appendix III which is applicable to that specific 
product or material containing methyl alcohol.
(b) Information as required shall be recorded on the US Department 
of Labor form 0SHA-2C), "Material Safety Data Sheet" shown in Appendix III, 
or on a similar form approved by the Occupational Safety and Health 
Administration, US Department of Labor.
(c) Each employee shall be informed of the location of the 
information described in paragraph (b) of this Section. This information 
shall be kept on file at each establishment or department and shall be 
readily accessible to all employees occupationally exposed to methyl 
alcohol.
Section 5 - Informing Employees of Hazards from Methyl Alcohol
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(a) Emergency Procedures
For all work areas in which there is potential for emergencies, 
procedures as specified below, as well as any other procedures appropriate 
for a specific operation or process, shall be formulated in advance and 
employees shall be instructed in their implementation.
(1) Procedures shall include prearranged plans for 
obtaining emergency medical care and for necessary transportation of 
injured workers.
(2) Firefighting procedures shall be established and 
implemented. These shall include procedures for emergencies involving the 
release of methyl alcohol vapor. In case of fire, methyl alcohol sources 
shall be shut off or removed. Containers shall be removed or cooled with 
water spray. Chemical foam, carbon dioxide, or dry chemicals should be 
used for fighting methyl alcohol fires, and proper respiratory protection 
and protective clothing shall be worn.
(3) Approved eye, skin, and respiratory protection as 
specified in Section 4 shall be used by personnel essential to emergency 
operations.
(4) Nonessential employees shall be evacuated from exposure 
areas during emergencies. Perimeters of hazardous exposure areas shall be 
delineated, posted, and secured.
(5) Personnel properly trained in the procedures and 
adequately protected against the attendant hazards shall shut off sources 
of methyl alcohol, clean up spills, and immediately repair leaks.
Section 6 - Work Practices
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(b) Exhaust Systems
Engineering procedures shall be established to reduce exposure of 
employees to methyl alcohol through implementation of adequate ventilation 
methods. When a local exhaust ventilation system is used, it shall be
designed and maintained to prevent the accumulation or recirculation of 
methyl alcohol vapor into the workroom, so that the airborne methyl alcohol 
concentrations do not exceed the environmental limits. Exhaust systems 
discharging into outside air must conform with applicable local, state, and 
federal air pollution regulations. When mechanical ventilation is used to 
control exposure, measurements which demonstrate system efficiency (eg, air 
velocity, static pressure, or air volume) shall be made at least every 3 
months. Measurements of system efficiency shall also be made within 5 
workdays of any change in production, process, or control that might result 
in an increase in airborne concentrations. When a fan is located in duct 
work and where methyl alcohol is likely to be present at concentrations at 
or above 0.67% (one-tenth the lower flammable limit, 67,000 ppm), the fan 
rotating element shall be of nonsparking material or the casting shall be 
coated with, or consist of, a nonsparking material. The ventilation system 
shall contain devices along the length of the exhaust system intended to 
prevent the propagation of flashbacks.
(c) Loading and Unloading
The handling and storage of methyl alcohol shall comply with NFPA 
Article 30 for flammable and combustible liquids.
(1) Safety showers and eyewash fountains shall be installed 
in loading and unloading areas.
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(2) Fire extinguishers approved for Class I B fires, such 
as dry chemical extinguishers, shall be available in loading and unloading 
areas. Fire extinguishers shall be inspected annually and recharged or 
replaced if necessary.
(3) The equipment required by c(l) of this Section shall 
be inspected regularly to ensure that it is in working order. The employer 
shall ensure that such inspection is performed by a qualified person.
(4) In the event of a leak that may lead to airborne 
concentrations exceeding the environmental limits, the operations shall be 
stopped and resumed only after necessary repair or replacement has been 
completed.
(5) Bonding facilities for protection against static sparks 
during the loading of tank vehicles shall be provided as required in 29 CFR 
1910.106(f)(3)(IV).
(d) Methyl Alcohol Car and Truck Loading Procedure
(1) Smoking, matches, or lighters shall be prohibited in 
the methyl alcohol car and truck loading area.
(2) The safety shower and eyewash fountain in the loading 
and unloading area shall be checked regularly.
(3) A wheel chock, a car loading sign, and the derail shall
be placed in position and ground cables attached before connecting any
lines to the tank car.
(4) Wheel chocks, ground cables, and loading sign shall be 
in place before connecting any lines to a trailer.
(5) Ground cables shall be removed only when loading or
unloading lines have been removed and the dome covers have been secured.
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(6) Rubber gloves and face shields shall be used where the 
possibility of methyl alcohol splashes exists. Breathing of methyl alcohol 
vapor should be avoided whenever possible.
(7) Any part of the body on which methyl alcohol has been 
spilled should be washed immediately with large quantities of water. Eyes 
should be flushed immediately with copious amounts of water and the 
incident should be reported immediately to the appropriate health unit.
(e) Storage
Storage of bulk amounts shall meet the requirements for Class I B 
flammable liquid storage as specified in 29 CFR 1910.106(b).
(f) Disposal
Spills of large amounts of methyl alcohol should be washed with 
water. Discarding of waste shall be in compliance with applicable EPA 
standards. When it is not possible to wash a spill with water, the area 
should be cordoned off until cleanup operations have been completed. If a 
vacuum truck is used to remove the alcohol, care must be taken to ensure 
that there are no sources of ignition and that sufficient flashback devices 
are provided.
(g) Vessel Entry
Vessels include tanks and reactors in which occupational exposure to 
airborne methyl alcohol may exist. Special work procedures are required 
for entering vessels. Before allowing an employee to enter the vessel, a 
technically competent person authorized by the employer shall sign a safety 
permit declaring the job to be safe. The following precautions shall be 
taken to ensure safety:
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(1) All lines shall be disconnected or blocked while the
vessel is being cleaned. All valves or pumps leading to and from the
vessel shall be locked out or tagged out.
(2) The vessel shall be washed with water and purged with 
air, or with nitrogen and then with air.
(3) A calibrated combustible gas meter shall be used to
check for explosion hazard. The test should be performed by a person
trained in the use of the combustible gas meter. (See Appendix IV)
(4) The vessel shall then be checked for airborne methyl
alcohol, oxygen, and other likely contaminant concentrations and safe
levels of each assured, unless a positive pressure respirator is used.
(5) If a respirator is necessary, an appropriate type shall 
be provided to the employee. Section 4(c) of this chapter describes the 
types of respirators which are suitable under various conditions.
(6) Each employee shall use a lifeline when entering a 
vessel. At least 2 other persons equipped with respiratory protection 
shall watch at all times from the outside. At least one other person shall 
be available to assist in emergencies.
(h) General Housekeeping
Employers shall ensure that proper maintenance of equipment is 
provided in order to minimize the accidental escape of methyl alcohol. 
Cleanup of spills and repair of equipment and leaks shall be performed as 
soon as practical.
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(a) Food Facilities
In accordance with the provisions of 29 CFR 1910.141(g)(2) and
(g)(4), the consumption or storage of food or beverages shall be prohibited 
in the worksite.
(b) Smoking
Smoking shall be prohibited in areas where methyl alcohol is used, 
transferred, stored, or manufactured.
(c) Handwashing Facilities
Adequate facilities providing soap and water for handwashing shall be 
made available.
Section 8 - Monitoring and Recordkeeping
Workroom areas where it has been determined on the basis of an 
industrial hygiene survey that environmental levels are below half the 
time-weighted average environmental limit are not considered to have 
occupational exposure to methyl alcohol. Records of these surveys, 
including the basis for concluding that environmental concentrations are 
below the action level, shall be maintained until a new survey is 
completed. Surveys shall be repeated when a process change indicates to a 
qualified person in authority the need for réévaluation.
Requirements set forth below apply to work areas in which there is 
occupational exposure to methyl alcohol.
(a) An adequate number of breathing zone samples shall be 
collected and analyzed to characterize the TWA and ceiling concentrations 
of each operation and work location in which there is occupational exposure
Section 7 - Sanitation Practices
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to methyl alcohol.
This sampling and analysis shall be repeated every 6 months except as 
otherwise indicated by a professional industrial hygienist. The first 
sampling period shall be completed within 6 months of the effective date of 
the promulgation of a standard based on these recommendations. Additional 
sampling and analysis shall be performed whenever changes in process, 
worksite, climate, or engineering control are likely to cause an increase 
in airborne concentrations. If initial, periodic, or special evaluations 
indicate TWA or ceiling concentration limits are exceeded, corrective 
engineering or other control measures shall be promptly instituted to 
ensure the safety of employees, until concentrations below these 
environmental limits are achieved. In such cases, sampling of each 
operation and work location shall be conducted at least monthly until two 
consecutive 30-day sampling periods have shown that concentrations of 
methyl alcohol are at or below the workplace environmental limits.
(b) Records shall be maintained and shall include sampling and 
analytical methods, types of respiratory protection used, and TWA and 
ceiling concentrations found. Each employee shall have access to data on 
his own environmental exposures. Pertinent records of required medical 
examinations, including records of occupational accidents and environmental 
exposures within the workplace, shall be maintained for 5 years after the 
worker's employment has ended, and shall be available to the designated 
medical representatives of the Secretary of Labor, of the Secretary of 
Health, Education, and Welfare, of the employer, and of the employee or 
former employee.
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II. INTRODUCTION
This report presents the criteria and the recommended standard based 
thereon which were prepared to meet the need for preventing occupational 
diseases arising from exposure to methyl alcohol. The criteria document 
fulfills the responsibility of the Secretary of Health, Education, and 
Welfare, under Section 20(a)(3) of the Occupational Safety and Health Act 
of 1970 to "...develop criteria dealing with toxic materials and harmful 
physical agents and substances which will describe...exposure levels at 
which no employee will suffer impaired health or functional capacities or 
diminished life expectancy as a result of his work experience."
The National Institute for Occupational Safety and Health (NIOSH), 
after a review of data and consultation with others, formalized a system 
for the development of criteria upon which standards can be established to 
protect the health of employees from exposure to hazardous chemical and 
physical agents. It should be pointed out that any criteria and recommended 
standard should enable management and labor to develop better engineering 
controls resulting in more healthful work practices and should not be used 
as a final goal.
These criteria for a standard for methyl alcohol are in a continuing 
series of criteria developed by NIOSH. The recommended standard applies 
only to the processing, manufacture, and use of methyl alcohol in products 
as applicable under the Occupational Safety and Health Act of 1970. The 
standard was not designed for the population-at-large, and any 
extrapolation beyond occupational exposures is not warranted. It is 
intended to (1) protect against development of acute and chronic methyl
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alcohol poisoning, (2) be measurable by techniques that are valid, 
reproducible, and available to industry and official agencies, and (3) be 
attainable with existing technology.
Areas in which research is needed are epidemiologic studies on 
humans, primate studies to help develop a dose-response relationship and 
understand the mechanism of toxicity for methyl alcohol and its 
metabolites. Additional studies are needed to investigate the possibility 
of mutagenic, teratogenic, or carcinogenic effects of methyl alcohol. 
Further work is needed to develop improved sampling and analytical 
procedures for this substance.
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III. BIOLOGIC EFFECTS OF EXPOSURE
Extent of Exposure
Methyl alcohol, CH30H, also called methanol, is the first member of a 
homologous series of monohydric aliphatic alcohols. At room temperature, 
methyl alcohol is a colorless, neutral liquid possessing a mild distinctive 
odor. [1] Additional chemical and physical properties of methyl alcohol 
are presented in Table XIII-1. [2,4]
The greater part of methyl alcohol manufactured in the US is produced 
synthetically. [5] One widely used synthetic process is the "medium
pressure process" which involves the reduction of carbon monoxide
(containing small amounts of carbon dioxide) with hydrogen. The reduction 
step is carried out at 250-400 C and at 100-600 atmospheres pressure using 
a catalyst. [1]
During the years 1968-73, synthetic methyl alcohol production in the 
US increased at an average annual rate of over 13.2%. In 1973, the 
production of synthetic methyl alcohol amounted to slightly over seven 
billion pounds, around one billion gallons. In addition, an estimated 10 
million pounds (1.5 million gallons) of "natural" (eg, from wood
distillation) methyl alcohol were produced. [5]
Methyl alcohol is used in a variety of industrial processes. The 
major use is in the production of formaldehyde which amounted to 39% of the 
methyl alcohol consumed in the US in 1973. [5] Other commercial uses of 
methyl alcohol are in the production of chemical derivatives, such as 
dimethyl terephthalate, methyl halides, methyl methacrylate, acetic acid, 
and methylamines, and because of its solvent properties, methyl alcohol is
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also used in paints, varnishes, cements, and other formulations such as 
inks and dyes. [1,5] Table XIII-2 lists the consumption of methyl alcohol 
by product and quantity produced in the US for the year 1973. [5]
A number of occupations with potential exposure to methyl alcohol are 
listed in Table XIII-3. [6]
NIOSR estimates that approximately 175,000 workers in the US are 
potentially exposed to methyl alcohol.
Historical Reports
Taylor [7] first identified methyl alcohol in 1812 when he isolated 
it from the pyroligneous acid which resulted from the destructive 
distillation of wood. Because of its reaction with sulfuric acid, he 
incorrectly classified it as an ether and named it "pyroligneous aether." 
Dumas and Peligot [8] isolated methyl alcohol (wood alcohol) in a similar 
fashion and correctly identified it as an alcohol. In addition, they 
studied some of the chemical and physical properties of wood alcohol.
In 1855, MacFarlan [9] reported on the industrial utility of 
"methylated spirit" as a substitute for the higher priced, strictly 
regulated "spirit of wine" (ethyl alcohol). Methylated spirit was a 
mixture of "wood naphtha" (methyl alcohol) and "spirit of wine" (ethyl 
alcohol) usually in a proportion of 1 to 9, respectively. MacFarlan also 
noted the toxic hazard associated with the industrial use of pure methyl 
alcohol, "as opposed to methylated spirit," indicating that the former 
affected the eyes of workers while the vapor of the latter rarely did. 
This constitutes one of the earliest references to the occupational hazard
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of methyl alcohol found in the literature.
Wood in 1906 [10] stated that since the wood alcohol in commercial
use prior to 1896 was a vile-smelling, "nauseous-tasting" liquid, there was 
little possibility of its being voluntarily ingested and he reported that 
cases of methyl alcohol poisoning by ingestion were rare prior to the turn
of the century. Around 1896, commercial preparations in which the wood
alcohol was deodorized and purified began to appear on the market. [10] 
Along with this development and an increase in production and use, there 
was also a dramatic increase in the number of reported cases of serious 
systemic poisoning resulting from the ingestion, inhalation, or 
percutaneous absorption of methyl alcohol. By 1904, Wood and Buller [11]
were able to compile a collection of case histories of methyl alcohol
poisoning. This collection included 54 previously published cases of 
blindness or blindness followed by death attributed to the drinking or the 
inhalation of the vapors of liquids containing methyl alcohol; 90 
previously unpublished cases of blindness or blindness followed by death 
resulting from the drinking of methylated liquids; 9 previously unpublished 
cases of blindness from methyl alcohol absorbed through the lungs or the 
skin, or both; and 82 previously unpublished case reports of fatal methyl 
alcohol poisonings with no associated blindness.
From a report by Baskerville, [12] it is apparent that by 1913 a 
dramatic increase in the industrial use of methyl alcohol was accompanied 
by an increased number of poisonings. The production of crude wood alcohol 
in the US increased from about one million gallons in 1890 to eight and one 
half million gallons in 1910, and the number of reported methyl alcohol 
poisoning cases in the US increased from almost none in 1890 to the point
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where, in J.9-13, Baskerville was able to collect several hundred such case 
reports from various medical periodicals. Baskerville felt that these 
cases represented a small percentage of the total number because many 
physicians did not report cases in the scientific press and many others 
failed to recognize the industrial and occupational diseases of chronic 
methyl alcohol poisoning. [12] For an extensive summary of numerous 
poisoning cases from drinking wood alcohol or inhaling its vapor, the 
reader is referred to the Baskerville review. [12]
One of the earliest case reports of methyl alcohol poisoning in an
occupational setting was by De Schweinitz [13] in 1901. He described the
case of a 39-year-old man who suddenly became totally blind after a brief 
illness. The patient had been employed intermittently (3-4 days at a time) 
for 3 years as a painter and varnisher. The varnish was dissolved in 
methyl alcohol, and the patient stated that he generally used methyl 
alcohol to clean the varnish off his hands and arms, and sometimes off his 
face. He denied drinking the alcohol. During these 3 years, he had
several times become dizzy when varnishing the insides of small articles of 
furniture or closets on hot days. For 2 months prior to the onset of
blindness, he had worked every day as a varnisher in a shop. This was the 
longest period of uninterrupted exposure to the varnish during the 3-year 
period. He frequently noted attacks of what he called "misty vision," 
which disappeared 10-15 minutes after he left work. The day prior to his 
loss of sight, the patient was unable to work because of chills, numbness, 
and shooting pains in his lower extremities, and he returned home and went 
to bed. When he awoke the following morning, he was totally blind. 
Although treated by a physician, the blindness persisted for 2 weeks
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whereupon the patient reported to the hospital. Upon admission, his pupils 
were dilated and almost unresponsive to light. Ophthalmoscopic examination 
revealed clear media, but pallid discs. The veins were filled with dark 
blood and reduced in size. Upon treatment with pilocarpine and induction 
of daily vigorous sweats, the patient recovered some light sensitivity and, 
by the end of 2 weeks, he could distinguish objects sufficiently to walk 
unaided. One week later, however, his vision began to fail; when seen 
again approximately 3 months later, he was totally blind. The author made 
no attempt to estimate the quantity of methyl alcohol to which the patient 
had been exposed.
De Schweinitz [13] advanced the opinion that exposure to methyl 
alcohol (notably by percutaneous absorption and inhalation) may result in 
slow poisoning as a result of its gradual accumulation in the body. In 
turn, when a threshold level was reached a sudden and complete blindness 
would occur similar to that observed in individuals who ingest great 
quantities of methyl alcohol. This case report indicated that blindness 
can occur as a result of inhalation or percutaneous absorption of methyl 
alcohol.
In 1917, the New York State Department of Labor [14] published a 
special bulletin entitled Dangers in the Manufacture and Industrial Uses of 
Wood Alcohol. This report enumerated cases of poisoning resulting from 
occupational exposure to methyl alcohol in various industries. It proposed 
rules designed to limit future exposures.
Perhaps as a result of increased awareness of the dangers of methyl 
alcohol coupled with better work practices, relatively few cases of serious 
poisoning (such as blindness and death) resulting from inhalation or
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percutaneous absorption of methyl alcohol in an industrial setting have 
been found in the literature since 1920. This is in contrast to the many 
cases of serious poisonings resulting from the ingestion of this substance 
which have been continued to be reported. Some of the case reports of 
methyl alcohol intoxication resulting from occupational exposure between 
1900 and 1921 are discussed in the Section Effects on Humans because of 
their current relevance. [15-19] Although these reports may well be 
historical in nature, the effects of methyl alcohol poisoning observed in 
these studies are discussed below since they clearly depict the clinical 
symptoms encountered with occupational exposure to methyl alcohol.
Effects on Humans
In 1958, Scherberger et al [20] described the development of a 
dynamic apparatus (air blender) for preparing air-vapor mixtures of known 
concentrations for various compounds. The concentration range of methyl 
alcohol vapor prepared by this apparatus was 12-1,870 ppm. Using this 
apparatus, the authors determined the average minimum identifiable odor 
level for methyl alcohol. Although exact experimental details were not 
presented, a photograph in the article indicated that the subjects sniffed 
an airstream within a few centimeters of its emission source. Using 3 
subjects, the authors found that the average minimum identifiable odor 
level for methyl alcohol was 1,500 ppm (approximately 2,000 mg/cu m). The 
authors suggested these concentrations were only a rough estimate for this 
method, since the same subjects tested on different days showed a varying 
capacity for odor detection.
In 1966, May [21] determined the odor thresholds of 37 organic
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solvents. Samples were prepared by evaporating a known amount of a given 
solvent in stoppered glass bottles. The resulting vapor concentrations 
were verified by gas chromatographic analysis. The subjects inhaled the 
air mixture directly from the bottles by taking 3 short sniffs followed by 
a deep respiration. The subjects first breathed samples of decreasing 
concentrations until no more odor could be perceived. Secondly, they 
breathed increasing concentrations until the odor was just barely 
perceptible. They then breathed increasing concentrations until they 
judged the odor to be distinctly perceptible. The odor thresholds reported 
represented the average response of 16 people, including the author and his 
technician, ranging in age from 30 to 63 years and equally divided as to 
the sexes. The average odor threshold (minimum perceptible odor) for 
methyl alcohol vapor was reported to be 5,900 ppm (7,800 mg/cu m), whereas 
the average distinct odor concentration was 8,800 ppm (11,700 mg/cu m). 
For comparison, the author cited an odor threshold of 2,000 ppm (2,600 
mg/cu m) for methyl alcohol from a data sheet provided by the Dragerwerk 
Company of Lubeck. The source and purity of the methyl alcohol used in 
these experiments were not stated. The experimental design described does 
not actually eliminate the problem of olfactory fatigue. The results 
demonstrated, however, that with the slightest perception of an odor of 
methyl alcohol, the concentration of the solvent in the air already greatly 
exceeds the existing federal standard (200 ppm). Based on these data by 
May, the worker cannot rely on olfactory perception for warning purposes, 
except at high concentrations.
In 1959, Chao Chen-Tsi [22] reported the effects of inhaled methyl 
alcohol -vapor on humans and animals. Using 13 subjects, the author
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determined that the minimum airborne concentration of methyl alcohol that 
could be determined by odor ranged from 4.3 to 11.0 mg/cu m (3.3-8.5 ppm). 
The author also studied the effects of methyl alcohol vapor inhalation on 
the light sensitivity of the eye adapted to darkness in 3 subjects. The
most sensitive subjects showed diminution of light sensitivity at a level
of 3.3 mg/cu m C2.5 ppm), but at 2.4 mg/cu m (1.8 ppm) no such effect was
detectable. On the basis of these results, the author proposed 1.5 mg/cu m
(1.1 ppm) of methyl alcohol vapor in air as the maximum permissible 
concentration for occupational exposures.
In 1967, Ubaydullayev [23] reported on the methyl alcohol odor 
threshold range, on eye sensitivity to light during dark adaptation, and on 
alterations in the electrical activity of the cerebral cortex. For 25
subjects ranging in age from 18 to 40 years, the maximum imperceptible
airborne methyl alcohol concentration was 3.9 mg/cu m (3.0 ppm) and the 
minimum perceptible concentration was 4.5 mg/cu m (3.4 ppm).
For eye adaptation to dark, or sensitivity to light, 3 subjects, aged 
18-25, were tested. [23] The results showed that at 4.1 mg/cu m (3.1 ppm)
of airborne methyl alcohol a sharp change in the subjects' eye sensitivity
was observed. One individual showed a change in eye sensitivity at a 
concentration of 3.5 mg/cu m (2.7 ppm). No response was seen at 3.1 
mg/cu m (2.4 ppm).
A group of 6 suhjects most sensitive to olfactory stimuli were tested 
by the author [23] for alterations in activity of the cerebral cortex 
measured by an electroencephalograph. All 6 showed an alpha-rhythm 
amplitude change at a concentration of 1.5 mg/cu m (1.0 ppm) and none 
responded at 1.0 mg/cu m (0.8 ppm).
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It is not clear whether any of these effects, reported by Chao Chen- 
Tsi [22] or by Ubaydullayev, [23] are to be interpreted as psychologic, 
physiologic, or toxicologic.
Thus, there are 2 sets of studies estimating the odor threshold for 
methyl alcohol: Scherberger et al [20] giving 1,500 ppm and Hay [21]
giving 5,900 ppm (while citing 2,000 ppm as the figure suggested by the 
Dragerwerk Company of Lubeck) and, in marked contrast to these, Chao Chen- 
Tsi [22] giving 3.3-8.5 ppm and Ubaydullayev [23] giving 3.4 ppm as the 
minimal perceptible concentration of methyl alcohol by odor. It is 
difficult to reconcile such a wide discrepancy between these 2 sets of 
studies, even allowing for different experimental techniques. Small traces 
of impurities can have a very marked effect upon odor, but in the absence 
of any data in any of these 4 papers on the source or purity of the methyl 
alcohol used, the issue of impurities is a matter for conjecture.
In 1905, Jelliffe [15] reported 2 cases which he described as 
multiple neuritis in men engaged in shellacking furniture with shellac 
dissolved in methyl alcohol. Symptoms reported were paresthesia, numbing, 
prickling, and shooting pain in the back of the hands and forearms, in 
addition to edema of the arms. Both men sought medical aid promptly, and 
the resultant cessation of exposure probably prevented the development of 
serious sequelae of methyl alcohol intoxication. Jelliffe considered that 
these 2 cases were due to the inhalation of the vapor of the wood alcohol 
employed. In contrast, he described the case of a businessman who had been 
in the habit of drinking quite regularly, in small quantities, for a period 
of at least 3 months an illicit whiskey which apparently contained 35% 
Columbian spirits (methyl alcohol). When seen by the author, [15] the
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subject was suffering from severe gastric irritability, marked 
hyperesthesia in both arms and hands, incomplete paralysis of the 
extensors, and wrist-drop. He also had a mild degree of ptosis of the 
eyelids and a restricted partial amblyopia. He recovered after A months of 
treatment but still had some residual blurring of vision. The author then 
lost touch with the patient. In summarizing all 3 cases, Jelliffe 
commented upon a postulated "greater susceptibility of the ganglion cells 
of the retina" to poisoning by methyl alcohol.
In 1905, Hawes [16] described a case of occupational poisoning that 
was attributed to the inhalation of methyl alcohol vapor. Methyl alcohol 
was used by a painter as a paint remover and for mixing shellac. The work 
consisted of pouring a quantity of methyl alcohol on furniture, rubbing the 
furniture with a cloth, and repeating the procedure. The painter worked in 
rooms no larger than 10 x 12 feet with the doors and windows kept closed. 
During the first day of work, he began to experience headache, nausea, 
weakness, and some smarting of the eyes. He completed the second day of 
work despite the persistence of the aforementioned symptoms as well as 
slight blurring of vision by the end of the second day. On the third day, 
as a result of increased severity of the above symptoms, he was unable to 
work past 8:30 AM. The painter was then hospitalized. Fifteen days after 
admission, on ophthalmological examination he was found to have no vision 
whatever. The airborne concentration of methyl alcohol in the rooms was 
not determined. From the author's description of this man's mode of work, 
he probably had had considerable skin contact with methyl alcohol, so that 
inhalation was probably not the sole route of absorption.
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In 1912, Tyson [17] described a case of methyl alcohol poisoning in a 
worker who was involved in varnishing the inside of beer vats. Work was 
commenced on December 3, 1911, and continued on the following day with no 
medical complaints. On December 5, the worker experienced headache, 
vertigo, unsteady gait, nausea, vomiting, and acted as if intoxicated; 
consequently he did not work on this day. The author did not state if the 
subject worked on December 6. On December 7, the worker began having
visual disturbances. At this time, he consulted a physician who diagnosed 
methyl alcohol poisoning. On December 12, an ophthalmologist made the 
following observations: the pupils were practically nonreactive to light,
there was retinal edema, and initial vision (eccentric) was right 1/200 and 
left 2/200. In three weeks, his vision had improved to 20/30 in each eye. 
Six to 7 months later, with no additional methyl alcohol exposure, visual 
acuity remained stable, while the pupillary response to light remained 
sluggish. In addition, the author described a progressive contraction of 
the visual fields during the entire period of observation. Tyson also 
indicated that the progressive constriction of visual fields corresponded 
to degenerated bundles of fibers and groups of ganglion cells becoming 
confluent as the degenerative process spread. He also concluded that this 
case was produced solely by inhalation of methyl alcohol vapor. The 
airborne concentration of methyl alcohol to which the worker was exposed 
was not determined.
In a review article published in 1912, Wood [18] commented on 4 
workers (one of which was the case previously described by Tyson [17]) 
poisoned while varnishing beer vats. Methyl alcohol was reported as a 
constituent of the varnish. All 4 workers had been involved in varnishing
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the inside of beer vats 12-15 feet high. After the first day, one worker 
complained of dizziness and, after the second day, displayed an unsteady 
gait. On the third day, he could not return to work because of sweating, 
vomiting, a rash on the face and body, and progressive loss of vision. The 
3 remaining workers continued to work through the third day, at the end of 
which they experienced varying degrees of poisoning. Two of these 3 
workers died 1 and 3 days later without further occupational exposure. The 
remaining worker of the last 3 experienced some symptoms ("reeling, 
headache, etc") and apparently recovered. The airborne concentrations of 
methyl alcohol to which they were exposed were not reported.
In 1921, Ziegler [19] described 2 cases of methyl alcohol poisoning 
resulting from inhalation of the vapor. One individual experienced fading 
of vision and constriction of the visual fields. The author attributed 
this condition to exposure to methyl alcohol vapor through daily visits to 
a china cement factory, since analysis of the cement had shown methyl 
alcohol to be a constituent of the cement. The patient's vision improved 
after he discontinued his visits to the factory.
The second case described by Ziegler [19] involved a painter who 
varnished the engine room of a submarine with a methyl alcohol-based 
varnish. At the end of the first day, the painter experienced dizziness. 
On the second day, he appeared euphoric and on the third day he was 
nervous. He also experienced gastric pain, insomnia, and double vision. 
Temporary blindness occurred after termination of occupational exposure. 
When first seen by the author, this individual was acidotic, although the 
basis for the diagnosis was not reported. Three weeks following the 
exposure, the worker had improved considerably and his eyesight was nearly
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normal. In both these cases, Ziegler claimed that the application of 
"negative galvanism" for prolonged periods contributed significantly to the 
recovery of vision, suggesting that this treatment stimulated 
revascularization of the optic disc. Again, no estimate was made of the 
airborne concentration of methyl alcohol to which the painter was exposed.
The author [19] suggested that methyl alcohol was a protoplasmic 
poison possessing a selective affinity for the nerve tissue of the eye, and 
that the proximal agents of toxicity of methyl alcohol could be 
formaldehyde and formic acid, both "corrosive poisons". He also proposed 
that the "primary and fundamental lesion" of methyl alcohol poisoning was 
injury to the pituitary gland. This implication of the pituitary has not, 
however, found support with later observers.
Thies, [24] in his 1928 report on "Eye Damage in the Chemical 
Industry," stated that liquid methyl alcohol coming in contact with the 
eyes caused severe edema of the ocular conjunctiva (chemosis) and lesions 
of the corneal surface that were rarely complicated and usually healed in a 
few days with proper treatment.
In 1941, Humperdinck [25] reported a case of methyl alcohol poisoning 
that occurred in a nitrocellulose plant where a worker had been exposed to 
damp nitrocellulose that he had unloaded, weighed, and stored. The 
dampened material contained 35-40% methyl alcohol. The worker had been on 
this job for 4 years and had not previously reported any symptoms. He 
became ill following the institution of wartime blackout measures which 
impaired plant ventilation. The initial diagnosis of pleurisy was changed 
retrospectively to one of acute hepatitis. He also became blind in the 
right eye with marked narrowing of the visual field in the left eye. An
31
examination of the workplace air showed methyl alcohol concentrations 
ranging from 1,600 to 10,900 mg/cu m (approximately 1,200 to 8,300 ppm). 
The diagnosis of acute hepatitis in this case appears to have been based 
purely upon retrospective clinical impressions, unsupported by any clinical 
or laboratory findings. The author suggested that methyl alcohol poisoning 
was confined to this one worker among a total of 23 exposed because of 
individual variations in susceptibility and the possibility of hereditary 
weakness of this worker's neuro-optical system manifested by his congenital 
fixation of the pupils and color blindness. The author indicated that, 
while relatively high airborne methyl alcohol concentrations ranging from 
2,000 to 10,000 mg/cu m (1,500-7,600 ppm) may be tolerated for many years 
without determinable damage, however, this range of concentrations should 
not be considered harmless because of individual susceptibility, 
development of tolerance, and the cumulative effect of methyl alcohol. He 
therefore recommended that airborne methyl alcohol concentrations be 
maintained below 1,000 mg/cu m (760 ppm).
In 1957, Burk [26] described a case of occupational poisoning which 
he attributed to the inhalation of methyl alcohol. The worker had been 
employed for 7 years in a chemical-pharmaceutical factory, having spent the 
previous 4 years in the methyl alcohol department. In early January of 
1955, the worker had complained of visual disorders, and had suffered 
asthenia and numbness of the hands and arms. On June 20, 1955, the worker 
cleaned a boiler in which crude nicotinic acid was boiled with methyl 
alcohol. The author reported that scraping off the residue on the inside 
of the boiler generated methyl alcohol fumes. During the first 50 minutes 
of work, the employee used a gas mask fitted in succession with 2 Type A-90
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Drager respiratory filters which were impermeable to methyl alcohol. The 
next filter used was a Drager Type K-90, which was permeable to methyl 
alcohol. The latter filters were changed 4 times since they became very 
wet within a period of 20-30 minutes. Occasionally during the first day of 
scraping the boiler, the worker suffered from vertigo. During break 
periods in fresh air, he saw colored rings. The first day’s operation 
required about 5 hours. The next morning, the worker became nauseated upon 
entering the boiler room which had been used the preceding night. Despite 
the nausea, the worker emptied the boiler, liberating small quantities of 
methyl alcohol vapor. He then suffered visual disturbances for the rest of 
the second day, despite the fact that he underwent no further methyl 
alcohol exposure. On the third day upon entering the boiler room, the 
worker suffered nausea and visual disorders and was then hospitalized. 
Ophthalmoscopic examination showed papilledema of both eyes that began to 
clear after a few days. After 5 weeks, full visual acuity returned. 
Blood, urine, and cerebrospinal fluid tests, as well as physical 
examination, disclosed no abnormal findings. Formic acid, found in the 
urine in the first 11 weeks following the initial examination, was no 
longer detectable after 11 weeks. The presence of formic acid confirmed 
the author's belief that the toxicity was due to methyl alcohol exposure. 
Questioning of the patient revealed that he was in the habit of frequently 
washing his hands with methyl alcohol. The author [26] therefore concluded 
that the exposure involved a single acute intoxication by inhalation 
superimposed upon a chronic condition resulting from percutaneous 
absorption of methyl alcohol along with inhalation of low concentrations of 
methyl alcohol over a period of years. In his theoretical discussion of
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this case, Burk [26] attributed the toxic effects of methyl alcohol to 
formaldehyde and formic acid, indicating that both compounds were oxidation 
products of methyl alcohol. The author stated that the diagnosis of methyl 
alcohol poisoning is sometimes very difficult, and would be more easily 
verified by quantitative determinations of formic acid in the urine of 
persons suspected of being poisoned with methyl alcohol.
The preceding 6 reports [15-17,19,25,26] all describe cases in which 
the mode of entry of methyl alcohol into the body was believed to be 
predominantly by inhalation, with the possibility in some cases of 
additional absorption through the skin. The following report of a 
collected series of cases involving infants and young children, [27] though 
clearly unrelated to occupational exposures, is reviewed by way of contrast 
as it illustrates that percutaneous absorption of methyl alcohol can lead 
to serious consequences, including death. In 1968, Gimenez et al [27] 
reported an analysis of 19 cases of children, ranging in age from 1.5 
months to 4 years, who were poisoned as a result of having cloths soaked in 
methyl alcohol applied to their abdomens to relieve gastrointestinal 
troubles or other unspecified complaints. There were 2 additional cases 
reviewed in which both methyl and ethyl alcohols had been employed in this 
way, making a total of 21 cases. Although absorption of methyl alcohol via 
the respiratory tract was possible in these cases, the fact that the cloths 
were held in place by rubber baby pants would favor percutaneous absorption 
of the alcohol as the significant route of exposure. The length of time 
between application and onset of symptoms of intoxication was 1-13 hours 
(7 1/4 hours average). The early signs of intoxication were described by
the authors as central nervous system depression with 13 children having
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exhibited seyere respiratory depression and -11 of these having convulsions. 
Blood pH in the 21 patients ranged from 6.4 to 7.38 (normal: 7.36-7.41
[28]), indicating acidosis in most cases. Twelve of the 21 children died 
of cardiac or respiratory arrest 2-10 days after hospital admission. The 
survivors recovered without apparent permanent damage. Papilledema and 
ocular fundus bleeding were observed in 2 of the infants who subsequently 
died. Abdominal skin lesions were present in 5 patients, 3 of the 
erythematous type and 2 of the scaling type. The authors [27] commented 
that while there was no relationship between methyl alcohol blood levels as 
tested in 11 children (57-1,130 mg%) and prognosis, there was a 
relationship between the initial blood pH and the subsequent course of the 
illness. In general, treatment consisted of administering sodium 
bicarbonate, glucose, ethyl alcohol, fluids, and electrolytes. Other forms 
of treatment included peritoneal dialysis, exchange transfusion, mechanical 
respiration, and the administration of anticonvulsant drugs. It must be 
pointed out that the absorptive properties of the skin of infants are 
probably different from those of adults and consequently infant
susceptibility to, and manifestations of, methyl alcohol intoxication may
not parallel those seen in adults.
The New York State Department of Labor bulletin on the industrial 
dangers of methyl alcohol [14] also reported several cases of dermatitis. 
While uncommon, several cases of dermatitis of the hands were reported in 
hat factories where shellac dissolved in methyl alcohol was used to stiffen 
hats. In several Panama hat factories where shellac was dissolved in 
methyl alcohol and where the workers' hands were in direct contact with the
solution, only one case of dermatitis was found.
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The studies discussed in the remainder of this section are concerned 
with methyl alcohol absorption, elimination, and metabolism in the human. 
The effect of ethyl alcohol on the metabolism and elimination of methyl 
alcohol and the explanation why ethyl alcohol administration is effective 
in preventing or ameliorating some of the symptoms of acute methyl alcohol 
intoxication in humans will also be examined.
In 1949, Agner et al [29] reported on the successful treatment of 
methyl alcohol intoxication in humans with ethyl alcohol. Three workmen 
ingested unknown quantities of methyl alcohol. Of these 3, only one became 
intoxicated and about 12 hours later, he vomited and complained of losing 
his vision. He was admitted to the hospital the following day and lapsed 
into a coma within 1 hour after admission. In spite of iv administration 
of bicarbonate and ethyl alcohol, he died 23 hours after admission. Upon 
admission of this patient to the hospital, his 2 drinking companions were 
also admitted and examined. Neither showed signs of methyl alcohol 
poisoning, and they were discharged the same day pending analysis of blood 
samples for methyl alcohol content. One showed a blood methyl alcohol 
concentration of 40 mg/100 ml and never displayed signs or complained of 
symptoms of poisoning. The other, however, had a blood methyl alcohol 
concentration of 236 mg/100 ml. The authors found that, on the day the 
latter patient ingested the initial methyl alcohol, he had also consumed an 
additional 100-150 ml of brandy not known to have been adulterated. Upon 
leaving the hospital the following morning, he consumed an additional 200- 
300 ml of brandy (again not known to be adulterated) before being 
rehospitalized that afternoon. This patient was also treated with 
bicarbonate for a low alkali reserve. During the next 8 hours, his blood
methyl alcohol concentration decreased only slightly, and he remained 
clearheaded and lucid. However, when the blood level of methyl alcohol 
began to decrease, the patient showed signs of motor unrest, as well as 
unresponsive pupils and slowness of speech. He also complained of blurred 
vision. An initial oral dose of 60 ml of ethyl alcohol was administered, 
followed every hour by additional 10-20 ml doses. Blood methyl alcohol 
concentration was measured every 2-3 hours. During the 10 hours 
immediately prior to ethyl alcohol administration, the blood concentrations 
of methyl alcohol decreased from approximately 210 to about 140 mg/100 ml. 
However, in the 24-hour period following the initiation of ethyl alcohol 
therapy, the level of methyl alcohol in the blood decreased to about 80 
mg/100 ml. The blood methyl alcohol concentration remained nearly constant 
at this level for approximately 8 hours after the ethyl alcohol therapy was 
discontinued. The concentration of methyl alcohol in the blood then 
continued to decline for the next 24 hours, at which point it was no longer 
detectable. Within 2 hours after the first administration of ethyl 
alcohol, the patient became clearheaded and the motor unrest and ocular 
symptoms disappeared. The authors [29] concluded that the visual and other 
symptoms of methyl alcohol intoxication observed in this patient were 
caused by toxic products resulting from the oxidation of methyl alcohol 
rather than by methyl alcohol itself. The administration of ethyl alcohol 
at a level sufficient to maintain a concentration of 1.0 mg/ml in the blood 
caused a retardation or cessation of this oxidation, and thus inhibited the 
toxic action of the methyl alcohol metabolites. The authors also noted 
that while the patient had a low alkali reserve he was not acidotic, yet 
showed symptoms of methyl alcohol poisoning. The authors commented that
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this observation was contrary to the belief of other investigators that 
acidosis is the cause of methyl alcohol-poisoning symptoms. Additionally, 
the authors advocated treating methyl alcohol poisoning with ethanol in 
addition to treating acidosis.
In 1952, Leaf and Zatman [30] reported on experiments in which 5 male 
volunteers ingested 2.5-7.0 ml of methyl alcohol diluted to 100 ml with 
water. These amounts of methyl alcohol corresponded to doses of 29-84 
mg/kg. Two blood samples were taken from 3 subjects, 2-5 hours after the 
ingestion. Urine was collected frequently for 11-16 hours following methyl 
alcohol administration. Both the blood and urine samples were analyzed for 
methyl alcohol by a colorimetric method based on the oxidation of methyl 
alcohol to formaldehyde and formation of a colored complex with a modified 
Schiff’s reagent. The results of this experiment indicated that under 
these conditions methyl alcohol was rapidly absorbed from the 
gastrointestinal tract. The maximum methyl alcohol concentration in the 
urine was achieved approximately one hour after ingestion and then 
decreased exponentially. The ratio of blood to urine methyl alcohol 
concentrations remained almost constant for the 3 subjects in which it was 
determined, and the authors [30] concluded that the change in the 
concentration of methyl alcohol in the urine was an accurate indicator of 
the change in methyl alcohol concentration in the body. At the levels used 
in this experiment, the concentration of methyl alcohol in the urine 
declined to control values within -13-16 hours after ingestion. Leaf and 
Zatman [30] also stated that only 0.4-1.2% of the ingested methyl alcohol 
was eliminated unchanged in the urine and that the elimination of unchanged 
methyl alcohol in the expired air accounted for a similar fraction of the
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dose, although the experimental evidence supporting the latter statement 
was not given.
In another experiment in the same study, [30] 2 male volunteers 
ingested 15 ml of ethyl alcohol and 4 ml of methyl alcohol simultaneously. 
They then ingested 10 ml of ethyl alcohol every hour for the next 7 hours. 
The same individuals served as their own controls in a previous experiment 
in which they ingested only 4 ml of methyl alcohol. Urine was collected 
hourly and analyzed for methyl alcohol. The maximum urinary methyl alcohol 
concentrations for those individuals who ingested both methyl alcohol and 
ethyl alcohol were 8.82 and 9.20 mg/100 ml, compared to values of 6.05 and 
5.50 mg/100 ml when methyl alcohol alone was ingested. Moreover, the total 
amount of methyl alcohol excreted unchanged in the urine in the first 7 
hours after ingestion was 107.1 mg and 125.5 mg (3.7 and 3.96% of the
administered dose respectively) when both methyl alcohol and ethyl alcohol 
were ingested, whereas only from 18.2 to 30.8 mg (0.57-0.97% of the 
administered dose) was excreted unchanged in a similar time period after 
ingestion of 4 ml methyl alcohol alone. The authors [30] concluded that in
humans ethyl alcohol interfered with the normal oxidation of methyl
alcohol, causing more of it to be excreted unchanged in the urine.
Moreover, according to the authors' conclusion, higher concentrations of 
methyl alcohol in the blood are maintained in the presence of ethyl alcohol 
at any given time after absorption, as compared to concentrations achieved 
in the absence of ethyl alcohol.
Leaf and Zatman [30] studied the absorption of methyl alcohol via the 
respiratory route. Two human male volunteers were exposed on several 
different occasions to methyl alcohol vapor at concentrations of from 650
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to 1,430 mg/cu m (approximately 500-1,100 ppm). These exposures took place 
in a 22.9-cu m capacity room, where desired concentrations were achieved by 
evaporating known quantities of methyl alcohol on a hot plate in the draft 
of a fan. Concentrations were verified by analyzing air samples collected 
at frequent intervals during and after exposure for methyl alcohol content. 
Using urinary methyl alcohol concentrations as an index of methyl alcohol 
absorption, the authors concluded that the rate of absorption was 
proportional to the concentration of the vapor inhaled. Exposure to methyl 
alcohol vapor at a concentration of 1,430 mg/cu m (approximately 1,100 ppm) 
for 2 1/2 hours resulted in a urinary methyl alcohol concentration of 2.56 
mg/100 ml. Exposure periods were not sufficiently long to determine 
whether the rate of excretion would increase to equal the rate of 
absorption. The authors remarked that an exposure period of 3-4 hours was 
all that could be reasonably tolerated, but did not specify whether the 
direct effect of methyl alcohol or personal discomfort due to the design of 
the experiment was the reason for the time limitation. From their studies, 
Leaf and Zatman [30] did calculate what they believed to be a safe 
inhalation dose for methyl alcohol for an 8-hour work period. They 
calculated the threshold of intoxication for these two workers as 2,800 ppm 
(3,670 mg/cu m) and 3,000 ppm (3,930 mg/cu m) respectively, and using an 
arbitrary safety factor, they therefore recommended a standard of 300 ppm 
(390 mg/cu m).
In 1953, Kendal and Ramanathan [31] studied the excretion of formate 
(an oxidation product of methyl alcohol) in humans. The same 2 adult males 
studied 4 years earlier by Leaf and Zatman [30] ingested 4 ml of methyl 
alcohol (approximately 50 mg/kg body weight) diluted to 100 ml with water.
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In one set of experiments, methyl alcohol was ingested by itself, whereas 
in another, 15 ml of ethyl alcohol was ingested simultaneously with methyl 
alcohol, and at hourly intervals thereafter, 10 ml of additional ethyl 
alcohol was consumed for 5 hours. Urine was collected every 1-2 hours for 
about 12 hours following administration. Samples were analyzed for methyl 
alcohol by the method used by Leaf and Zatman, [30] and for formate by the 
method of Bastrup, [32] which is based on the oxidation of formate to 
carbon dioxide with mercuric chloride. When the volunteers ingested 4 ml 
of methyl alcohol without ethyl alcohol, they excreted 36 mg of methyl 
alcohol and 41 mg of formic acid in the first 6 hours following the 
ingestion. On the other hand, when the volunteers ingested ethyl alcohol 
with the methyl alcohol, they excreted 69 mg of unchanged methyl alcohol 
and no measurable formic acid during the same 6-hour period. For the 
period from 6 to 12 hours after simultaneous methyl alcohol and ethyl 
alcohol ingestion, the volunteers excreted 12 mg of formic acid as opposed 
to only 7 mg of formic acid in the experiment without ethyl alcohol. The 
authors [31] interpreted the results to indicate that ethyl alcohol 
interfered with the oxidation of methyl alcohol to formic acid, resulting 
in decreased urinary excretion of formic acid and an increased urinary 
excretion of unmetabolized methyl alcohol during the initial 6-hour period. 
During the second 6-hour period after ethyl alcohol administration ceased, 
however, the formic acid excretion actually increased, presumably as a 
result of an uninhibited methyl alcohol oxidation process. Another 
significant conclusion of these authors was that the kidneys must have a 
considerable power of concentrating formate.
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In vitro studies have been carried out on highly purified 
preparations of alcohol dehydrogenase (ADH) isolated from human livers. 
[33,34] In the first study, both methyl and ethyl alcohols were found to 
be substrates for this enzyme system. [33] In the second study, [34] it 
was demonstrated that the affinity constant of human ADH for methyl alcohol 
as a substrate was only 1/30 of that for ethyl alcohol. Neither of the 
studies [33,34] reported any in vitro experimental data on competitive 
inhibition between ethyl and methyl alcohols for human ADH. However, in 
the first report, Von Wartburg et al [33] implied that ethyl alcohol would 
inhibit the oxidation of methyl alcohol by ADH when both substrates were 
available to the enzyme, and this may explain the efficacy of giving ethyl 
alcohol in cases of methyl alcohol poisoning. In the second study, Blair 
and Vallee [34] indicated that ethyl alcohol may act as a competitive 
inhibitor of methyl alcohol and thereby may protect against methyl alcohol 
toxicity in vivo. Furthermore, a study by Goodman and Tephly [35] showed 
that the human hepatic catalase-peroxidase system has relatively little 
oxidizing activity with respect to methyl alcohol in vitro, but rather 
oxidation proceeds through an alcohol dehydrogenase system. Thus, these in 
vitro studies [33-35] provide a reasonable explanation for the mechanism of 
action of ethyl alcohol in the studies cited previously [29-31] which 
indicated that ethyl alcohol is capable of blocking the oxidation of methyl 
alcohol in vivo. For more information concerning the pharmacology of ethyl 
alcohol (which includes its metabolism by alcohol dehydrogenase and other 
enzyme systems) the review by Ritchie [36] is recommended.
In 1971, Majchrowicz and Mendelson [37] described a study in which 19 
adult male volunteers were confined in a hospital research ward, fed a
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standard daily 2,000-calorie diet with multivitamin supplements, and 
permitted to consume up to 32 ounces/day of either bourbon (50% ethyl 
alcohol) or 50% USP ethyl alcohol (grain alcohol) on a spontaneous drinking 
regimen for a period of 10-14 days. The subjects remained confined under 
observation for 7-10 days after the drinking period. Fingertip blood 
samples were taken every morning during the drinking and observation 
periods. These samples were analyzed by gas chromatography for ethyl 
alcohol, methyl alcohol, acetaldehyde, and acetone. During the predrinking 
observation period, blood methyl alcohol concentrations were always less 
than 0.1 mg/100 ml. After one day of drinking bourbon or grain alcohol, 
blood methyl alcohol concentrations ranged from 0.1 mg/100 ml to 0.2 mg/100 
ml, and methyl alcohol concentrations ranging from 1.1 mg/100 ml to 2.7
mg/100 ml were achieved by the last day of the drinking period. In the 
postdrinking period, blood methyl alcohol concentrations remained 
relatively constant until blood ethyl alcohol concentrations dropped below 
20 mg/100 ml, at which point blood methyl alcohol concentrations began to 
decline. In general, the blood methyl alcohol concentration increased and 
decreased in concert with blood ethyl alcohol concentration, although the 
changes were not simultaneous. The authors also determined the 
concentration of methyl alcohol in the bourbon (40-55 mg/liter) and in the 
grain alcohol (approximately 1 mg/liter). Using the known amount of 
bourbon consumed and assuming an even distribution of methyl alcohol 
throughout the body water, body weight of 70 kg, and no loss due to 
metabolism or excretion, the concentration of methyl alcohol was calculated 
to be 0.06 mg/100 g of body water after one day and 0.84 mg/100 g of body 
water after 14 days. Only negligible quantities of methyl alcohol would
43
have been exogenously introduced by the ingestion of grain alcohol. Since 
the average bourbon drinker excreted more methyl alcohol per 100 ml of 
urine than would theoretically have been present in the same amount of body 
water, the authors suggested that most of the methyl alcohol in the bourbon 
drinker and virtually all of the blood methyl alcohol in the grain alcohol 
drinker arose from endogenous sources, and in the absence of ethyl alcohol, 
the rate of metabolism and excretion of endogenously produced methyl 
alcohol were sufficient to prevent its accumulation in the body. In their 
discussion, the authors indicated that blood concentrations of ethyl 
alcohol higher than 20 mg/100 ml seemed to effectively block the oxidation 
of methyl alcohol in vivo. This in turn resulted in a buildup of 
endogenously produced methyl alcohol, which was reversed only after blood 
ethyl alcohol concentrations dropped below 20 mg/100 ml. The authors, 
taking into consideration their experimental findings and those of other 
investigators, suggested that ethyl alcohol may inhibit the oxidation of 
methyl alcohol in vivo by competing (competitive inhibition) for the 
alcohol dehydrogenase system. It is conceivable, therefore, that chronic 
alcoholics might exhibit measurable concentrations of methyl alcohol in the 
blood or urine even though they have not been exposed to methyl alcohol.
In summary, an integration of in vitro [33-35] and in vivo studies 
[29-31,37] indicates that in humans methyl alcohol is oxidized primarily 
by alcohol dehydrogenase. The results discussed in the section on Animal 
Toxicity, however, suggest that in nonprimates methyl alcohol is oxidized 
primarily by the catalase-peroxidase system.
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Epidemiologic Studies
In 1912, Tyson [17] described a factory in New York City in which 25- 
30 young women worked in a 20 x 50 foot room polishing wooden lead pencils 
with a varnish solution containing methyl alcohol. During damp or cold 
weather the windows of this room remained closed in order to maintain the 
quality of the finished pencils. All of the women in the room experienced 
headaches and an unspecified number exhibited what the author termed 
gastric disorders. One woman missed 8 weeks of work because of chronic 
gastritis. Two cases from the same work area were reviewed by Tyson. The 
initial symptoms of a 30-year-old woman described in the first case were 
headache, vertigo, weakness (unspecified), and nausea without vomiting. 
She also had dizziness and obscuration (sic) of vision while working. The 
woman stated that the symptoms occurred principally during the day when the 
windows were closed. After working about 3 hours, she experienced blurring 
of vision, changes in color perception, and the symptoms mentioned 
previously. After half an hour in fresh air, the symptoms subsided. The 
same condition then occurred in the afternoon. Upon examination, her optic 
discs were hyperemic, the edges were blurred, and the veins were dilated. 
The other case was similar in that approximately 3 hours after beginning 
work the woman would on certain days experience frontal headache, 
dizziness, and nausea. At times, she experienced what she called a mist 
before her eyes. She was examined initially because of failing vision. 
The eye examination showed pallor, blurring, and edema of the discs, as 
well as dilated retinal veins. Upon questioning, both patients stated that 
they used methyl alcohol on occasion to cleanse their skin. The author 
suggested that the visual disturbances or loss of function were related to
adverse effects on nerve fibers and ganglion cells of the retina. No 
measurements of methyl alcohol concentration in the workroom air were 
reported.
Included in the New York State Department of Labor’s special 1917 
bulletin on the dangers of the industrial use of methyl alcohol [14] was a 
study of a shop in New York City where the employees dyed artificial 
flowers by dipping them in methyl alcohol solutions of aniline dyes. 
Physical findings were noted in 20 workers including dermatitis, anemia, 
nearsightedness, and conjunctivitis. Anemia and nearsightedness have not 
been reported elsewhere as signs of methyl alcohol intoxication. There was 
no mention in this report of headache, dizziness, nausea, or visual 
disturbances other than nearsightedness. Although the methods of sampling 
and analysis were not described, the report stated that analysis of the 
room air revealed a methyl alcohol concentration of 200 ppm by weight. The 
failure to describe sampling and analytical methods, the expression of air 
concentrations as a weight ratio, and the lack of comment on the 
possibility of skin contact make the relationship between the effects noted 
and the airborne concentrations reported of doubtful significance.
In 1938, Greenburg et al [38] published the results of a study of a 
plant in New York in which 19 workers operated steam presses in order to 
fuse shirt collars made of cellulose acetate and cotton impregnated with a 
solvent consisting of 3 parts acetone and 1 part methyl alcohol. Two air 
samples collected at the breathing level in the center of the workroom over 
a 2 1/2 hour period revealed methyl alcohol concentrations of 22 and 25 ppm 
and acetone concentrations of 40 and 45 ppm. The authors did not mention 
how the samples were taken or how they were analyzed. The employees
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examined had been engaged in this operation for a period ranging from 9 
months to 2 years. Physical examination, including neurological tests, 
detected no abnormal findings and the ocular fundi appeared normal. No 
visual disturbances were reported. Blood findings on all 19 were 
essentially normal and urinary analysis on 17 revealed nothing of 
significance other than a positive test for acetone. The blood tests 
performed included hemoglobin concentration, red cell count, reticulocyte 
count, total and differential white cell counts, platelet count, bleeding 
and coagulation times, red cell fragility, erythrocyte sedimentation rate, 
and serum bilirubin. The urine was examined microscopically for casts, and 
determinations of protein, sugar, and acetone content were made. The 
authors concluded [38] that these airborne concentrations of methyl alcohol 
and acetone were apparently not high enough to cause or produce adverse 
changes. While no effects were seen at 22-25 ppm of methyl alcohol, the 
presence of acetone in the air and in the urine precludes any definitive 
conclusion regarding possible adverse effects of methyl alcohol alone at 
these levels because of the remote possibility that acetone may interfere 
with the metabolism of methyl alcohol.
In 1955, Kingsley and Hirsch [39] reported that an unspecified number 
of employees at the Sandia Laboratory, Albuquerque, New Mexico, complained 
of frequent and recurrent headaches. According to the authors, all of the 
people affected worked in the immediate vicinity of direct process 
duplicating devices. These duplicating devices used different brands of 
duplicating fluids containing 5-98% methyl alcohol. The other ingredients 
in the duplicating fluids were not identified. The authors stated that 
those individuals situated closer to the machines experienced more severe
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headaches, those who actually operated the equipment suffered the most, and 
that with the onset of cold weather, when the doors and windows were 
closed, the severity and frequency of the headaches increased.
Air sampling was performed by what the authors [39] referred to only 
as standard air sampling techniques. Moreover, the method of analysis for 
methyl alcohol was not reported. Results revealed that air concentrations 
of methyl alcohol in the breathing zone of the workers ranged from 15 ppm 
(20 mg/cu m) to 375 ppm (490 mg/cu m) and varied with the concentrations of 
the methyl alcohol in the duplicating fluids. Air samples taken 10 feet 
from the duplicating machines showed concentrations of 100 ppm (130 
mg/cu m) which, depending on the extent of ventilation, persisted for up to 
4 hours. The authors indicated that the concentrations were generally in 
excess of 200 ppm but less than 375 ppm. As a result of this study, there 
was a change in the duplicating fluids used (selecting those with a lesser 
concentration of methyl alcohol), and the duplicating devices were moved to 
areas with better ventilation. The authors [39] failed to mention whether 
these measures had any effect on the headaches of the workers.' This study 
may imply that methyl alcohol vapor in the air in concentrations in the 
range of 200 to 375 ppm may cause headaches. However, the presence of 
other volatile substances arising from the other ingredients in the 
duplicating fluid (the other ingredients of various brands of fluids used 
ranged from 2 to 95% of the total) could have contributed significantly to 
the symptoms encountered.
In 1953, Bennett et al [40] reported on a study of 323 individuals 
who ingested various quantities of bootleg whiskey in Atlanta, Georgia, 
over a 5-day period in October 1951. An analysis of the contaminated
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whiskey showed that it contained 35-40% methyl alcohol by weight and less 
than 4% ethyl alcohol. The procedure for analysis of the contaminated 
liquor was not given by the authors.
Of the 323 individuals involved in this incident, [40] 41 died. The 
smallest amount of ingested alcohol that caused death was 3 teaspoons 
(approximately 15 ml) of 40% methyl alcohol, while one individual consumed 
1 pint (approximately 500 ml) of the same mixture and recovered. Upon 
admission to a hospital, 115 patients were acidotic with C02-combining 
capacities less than 20 meq, as compared to the normal range of 24-30 meq.
[40] In most cases, the latent period between ingestion of the alcohol and
the onset of toxic symptoms was about 24 hours. The longest observed lag 
was slightly more than 72 hours, while in one instance visual symptoms 
developed only 40 minutes after one individual drank about half a pint of 
whiskey. Several patients had visual disturbances in less than 6 hours. 
Although the authors indicated that medical records were incomplete, they 
gave the following description of symptoms:
Visual disturbances - All of the 115 patients who were overtly 
acidotic on admission had some degree of visual impairment. More than half 
of the patients whose plasma bicarbonate was within normal limits when 
first examined had noticed at least transient difficulty in seeing. The 
most frequent complaint was blurred or indistinct vision.
Central nervous system manifestations - Headache was a complaint in 
62% of the patients and dizziness occurred in 30% of those interviewed in 
detail. Complaints of weakness or general malaise were frequent. Many
moribund or severely acidotic patients were stuporous or comatose, and
several had repeated, sometimes terminal, convulsions. Many patients had
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some degree of amnesia for the events preceding their admission to the 
hospital. Two patients, both severely acidotic and admitted in a maniacal 
state, suffered total amnesia for their actions over the period of mania.
Gastrointestinal symptoms - Nausea and vomiting occurred in 52% of 
those patients whose symptoms were recorded. Persistent vomiting, however, 
was only noted in one individual. At the time of oral treatment with a 
sodium bicarbonate solution, diarrhea was recorded in 10% of the cases, but 
constipation was a common complaint after several days in the hospital.
Pain - Apart from the headache discussed under central nervous system 
manifestations, 67% of the hospitalized patients complained of excruciating 
upper abdominal pain.
Dyspnea - Despite the severity of acidosis in many patients, dyspnea 
was not a major complaint in any case. Twenty-five percent of the acidotic 
patients had some degree of respiratory distress at some time during their 
illness. True Kussmaul respirations were unusual even in severely acidotic 
patients, occurring only in about 25% of the patients whose plasma 
bicarbonate was less than 10 meq/liter.
In addition to these symptoms, physical findings were described as 
follows:
General - Skin pallor was observed in the white patients, but no 
distinct discoloration was observed in the majority of the patients who 
were black. Body temperature was normal in the vast majority of patients.
Eyes - Dilation of the pupils and sluggish or absent reaction to 
light and accommodation were present in most of the cases. Photophobia was 
not prominent and the eyeballs were not tender to pressure. On 
ophthalmoscopic examination, eyeground changes characterized as hyperemia
of the optic disc and retinal edema were seen in most patients with 
acidosis. The severity of these eyeground changes was found to correlate 
better with acidosis than any other clinical finding. True papilledema was 
not seen.
Cardiovascular symptoms - The pulse rate was increased in only 7
cases. Blood pressure appeared to be unaffected by the poisoning.
Abdominal examination - Abdominal muscles were very rigid and tender.
Neurologic signs - Confusion, amnesia, lethargy, stupor, and deep 
coma were seen, as well as acute mania in the 2 cases already mentioned. 
Six patients, all of whom died within minutes of admission, were in deep 
coma with signs suggestive of meningitis.
Cause of death - The primary cause of death in acute cases was
respiratory failure.
The authors indicated that when plasma bicarbonate levels were 
restored to normal by alkalinization, the patients experienced a rapid 
relief of most of their symptoms. Moreover, the authors emphasized the 
importance of prompt massive alkalinization by iv administration in severe 
cases of poisoning by methyl alcohol since prognosis was associated with 
the severity of acidosis. Table III-l illustrates the correlation between 
severity of acidosis and mortality.
Laboratory findings - Hemoglobin concentrations, hematocrits, and 
total and differential white cell counts were within normal limits. 
Urinalysis was performed on 43 patients on admission; there was albuminuria 
in 21 cases and acetonuria in 10. Urinary pH in acidotic patients was 
invariably between 4.5 and 5.5, rising with treatment. Apart from the 
acidosis, the most striking finding was an elevation of serum amylase to
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TABLE III-l 
MORTALITY IN TREATED PATIENTS*
No. of patients % mortality
Total patients 323 6.2
Acidotic: C02-combining power 115 19.0
less than 20 meq
Severely acidotic: C02-combining power 30 50.0
less than 10 meq
*These figures do not include patients who died at home
From Bennett et al [40]
levels of over 300 units in 14 of 21 patients tested. The authors felt 
that this finding could be associated with the frequency of pancreatic 
necrosis found at autopsy in this series.
Autopsy findings - The authors concluded from their pathologic 
findings that there was nothing pathognomonic concerning the lesions 
encountered as a result of methyl alcohol poisoning. Findings included 
variable cerebral edema with meningeal and subarachnoid petechiae, 
congestion of the lungs, epicardial hemorrhages, occasional mild fatty 
infiltration of the liver, gastritis, and general congestion of the 
abdominal viscera. In 13 of 17 autopsies reviewed (10 of which were from 
the 1951 outbreak and 7 from patients who had died from methyl alcohol 
poisoning in 1946) pancreatic necrosis was observed. This necrosis was 
described by the authors as being secondary to vascular injury and 
hemorrhage. Based on the complaint of upper abdominal pain, the occurrence
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of elevated serum amylase levels, and the microscopic findings of 
pancreatic necrosis, the authors concluded that acute hemorrhagic 
pancreatitis resulted from acute methyl alcohol intoxication. Reports of 
acute hemorrhagic pancreatitis following methyl alcohol poisoning other
than by the oral route have not been found.
Animal Toxicity
In 1942, Sayers et al [41] exposed 4 dogs (3 male and 1 female) to 
methyl alcohol vapor at concentrations of 450-500 ppm (590-650 mg/cu m) for 
8 hours/day, 7 days/week, for 379 days. The dogs were exposed in a 
continuously ventilated (8 air changes/hour) chamber. High purity
industrial methyl alcohol was supplied to gauze ribbons in the chamber at a 
constant rate using a chemical proportioning pump. Calculated methyl 
alcohol vapor concentrations were verified by trapping the methyl alcohol 
contained in a known volume of air in 100 ml of water. The methyl alcohol 
concentration of the water was then determined using a wet chemical 
colorimetric method based on the oxidation of methyl alcohol to 
formaldehyde and the subsequent production of a purple color upon addition 
of Schiff's reagent. Twenty-eight days into the experiment, the female was 
mated to 1 of the exposed males and had a litter of 5 pups on the sixty- 
second day after breeding. One of the pups accidentally died shortly after 
birth. The 4 surviving pups were exposed in the same manner as the other
dogs for the remainder of the experiment.
Laboratory hematologic determinations (RBC count, differential WBC, 
platelets, hemoglobin content, and coagulation time) were made before (9 
samples) and during (28-30 samples) the exposure, and blood chemistry
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determinations (nonprotein nitrogen, creatinine, and sugar) were made 
before (3 samples) and during (9 samples) the exposure period. All results 
were within control limits. Thirteen ophthalmoscopic examinations on each 
adult dog (5 preexposure and 8 during exposure) indicated no significant or 
abnormal eye changes due to exposure. The pups were similarly examined 3 
times and showed no evidence of impaired vision. All the adult dogs either 
maintained their preexposure weights or gained weight. The pups also 
gained weight normally. Gross and microscopic examinations at autopsy 
revealed no deviations from usual minor abnormalities except for some 
(severity not described) inflammation of the meninges of the brain in 5 
animals. Microscopic examination of the brain of 3 animals was essentially 
normal; however, 5 showed changes in the brain, attributed to intercurrent 
disease based on examination of controls and other unexposed dogs. The 
concentration of methyl alcohol in the blood at the end of an 8-hour 
exposure generally ranged between 10 mg and 15 mg/100 ml of blood, but on 
certain occasions concentrations as high as 52 mg/100 ml were found. This 
study [41] is one of the few in which animals of any species were exposed 
to methyl alcohol under conditions which approximate those expected in an 
industrial exposure. The lack of interpretable findings as well as the 
relatively small number of animals exposed allow few definite conclusions 
about chronic methyl alcohol intoxication. Moreover, as will be discussed 
later, the course of acute methyl alcohol intoxication is different in dogs 
and humans and thus, the results of experiments on dogs have limited 
relevance to possible adverse effects on humans.
In 1955, Gilger and Potts [42] published the results of a study of 
the comparative toxicity of methyl alcohol in rats, rabbits, dogs, and
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rhesus monkeys. Administration of methyl alcohol (reagent grade 99.5% 
pure) was accomplished by gavage in all except 4 rabbit experiments where 
it was injected iv. Prior to oral administration, the methyl alcohol was 
dissolved in either water or aqueous sucrose solution in varying 
proportions depending on the size of the animal and its tendency to vomit 
the administered solution. After administration, the animals were observed 
for clinical signs of intoxication, blood samples were taken at variable 
intervals so that C02-combining capacities (a measure of acidosis) could be 
determined, and repeated ophthalmoscopic examinations were performed on the 
rabbits, dogs, and monkeys.
Among 23 rats receiving 4.75 g of methyl alcohol/kg of body weight, 
(as a 50% aqueous solution) approximately 70% died. [42] Blood samples 
were obtained at 4.5, 27, and 47 hours after administration of 4.5 g of
methyl alcohol/kg (as a 50% aqueous solution) to 9 male rats. C02-
combining capacities ranged from 47 to 80 volumes % in these samples. The
authors stated that no acidosis was seen although they did not report 
control or normal C02-combining capacities for rats.
Three rabbits given 2.1 g of methyl alcohol/kg of body weight (as a 
30% aqueous solution) died between 24 hours and 3 days after oral 
administration. [42] One additional rabbit died in less than 24 hours
after being given 3.5 g of methyl alcohol/kg orally (as a 50% aqueous
solution). The results of ophthalmic investigation revealed no fundus 
changes. The results of acidosis studies in treated rabbits were ambiguous 
in that C02-combining capacities ranged from 19 to 56 volumes % in
untreated animals. None of the methyl alcohol-treated rabbits exhibited a 
C02-combining capacity below the normal range at any time.
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Among 9 dogs administered [42] oral doses of methyl alcohol ranging 
from 2.5 g/kg to 9.0 g/kg, 7 survived while 1 dog receiving 4.0 g/kg died 
between 29 and 46 hours after administration and another receiving 9.0 g/kg 
died 28-42 hours after administration. The highest nonlethal dose was 8.0 
g/kg. It is not clear whether these doses are absolute methyl alcohol or a 
dilute solution. None of the dogs exhibited ophthalmoscopic changes. C02- 
combining capacities dropped below the approximate range of normal values 
(42-54 volumes %) in only 2 of the 9 treated dogs. The surviving dog which 
was administered the highest dose, 8.0 g/kg, had the largest decrease in 
C02-combining capacity. Its C02-combining capacity returned to normal 
approximately 55 hours later. In neither case did the C02-combining 
capacity decrease to levels similar to those observed in monkeys which were 
poisoned with methyl alcohol.
Six rhesus monkeys received oral doses of from 1.0 to 8.0 g methyl 
alcohol/kg. [42] Two monkeys receiving 1.0 and 2.0 g methyl alcohol/kg, 
respectively, survived while 4 monkeys receiving 3.0, 4.0, 6.0, and 8.0 
g/kg, respectively, died. One monkey receiving 8.0 g/kg body weight died 
between 6 and 23 hours, while the monkey receiving 6.0 g/kg body weight 
died 29 hours following the administration of methyl alcohol. Two of the 
fatally poisoned monkeys showed definite eyeground changes while the other 
4 monkeys showed no changes on ophthalmoscopic examination. Changes 
included retinal hemorrhage in one monkey and blurring of the disc, venous 
engorgement, and possible hyperemia of the disc in the other. Of the 6 
monkeys, the one receiving the lowest dose (1.0 g/kg) did not become 
acidotic and the one receiving the highest dose (8.0 g/kg) died before the 
C02-combining capacity was determined. The remaining monkeys all became
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severely acidotic with minimum C02-combining capacities ranging from 9.8 to 
15.9 volumes %. Three died while acidotic at doses of 3.0, 4.0, and 6.0
g/kg, respectively. The C02-combining capacity in the other monkey (2.0 
g/kg) had returned to normal 21 days after administration.
Gilger and Potts [42] concluded from their studies that the results 
of oral administration of methyl alcohol to rats, rabbits, and dogs 
differed from those reported on humans in 4 important areas, namely, lethal 
dose, time course of development and signs of intoxication, eye effects, 
and acidosis. The authors also concluded that following intoxication with 
methyl alcohol, the responses of primates more closely approximated human 
responses than did those of nonprimates. An extensive review of the 
literature dealing with the oral toxicity of methyl alcohol in humans and 
nonprimates was supportive of their conclusion. The authors concluded that 
the approximate lethal oral dose of methyl alcohol in humans (0.85-1.4 
g/kg) was 1/3 the equivalent dose in monkeys and 1/9 the equivalent dose in 
rats. Moreover, nonprimates exhibited severe early intoxication with 
narcosis lasting until death whereas primates showed much less early 
intoxication followed by a symptomless latent period, then by sickness and 
death. The only eye changes observed with certainty in nonprimates were 
early pupillary changes and corneal opacities following exposure keratitis. 
Some monkeys, however, and many humans developed partial or complete 
blindness accompanied by eyeground changes such as hyperemia of the optic 
discs and venous engorgement. Finally, humans and monkeys often developed 
severe acidosis (C02-combining capacity less than 20 volumes %) after 
methyl alcohol ingestion; this condition was rare in nonprimates and 
occurred only at near lethal or lethal doses.
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Also in 1955, Roe [43] reviewed the literature on the toxicity and 
metabolism of methyl alcohol and correlated this with his clinical 
experience. Great emphasis was placed on the importance of acidosis in 
human patients but not in animals. In humans, treatment of methyl alcohol 
poisoning with sodium bicarbonate to control acidosis and ethyl alcohol to 
inhibit the rate of methyl alcohol oxidation was very effective, whereas, 
in animals this was useless or deleterious. Roe [43] recognized that 
acidosis in humans was important and that there was a fundamental 
difference in methyl alcohol metabolism by humans and by animals.
In 1962, Cooper and Kini [44] reviewed the biochemistry of methyl 
alcohol poisoning with emphasis on enzyme systems. This and their own 
experimental research led to the conclusion that, while in lower animals 
methyl alcohol was metabolized to formaldehyde by catalase, in monkeys it 
was alcohol dehydrogenase, and not the catalase system, that was primarily 
responsible for methyl alcohol oxidation.
The recent review of the literature including their own research by 
Tephly et al [45] summarizes and expands on the above concepts. They make 
a distinction, not between animals and humans but between lower animals and 
primates, since rhesus monkeys share with humans the phenomena of acidosis 
and ocular toxicity. The reasons for these differences are not clear, but 
there are established differences in metabolic mechanisms. In rats, methyl 
alcohol is oxidized primarily by a catalase-peroxidase system, while in 
monkeys and humans it is oxidized by a liver alcohol dehydrogenase system. 
It appears that animal species, other than perhaps monkeys, are inadequate 
models for elucidating the nature of methyl alcohol poisoning in humans. 
Therefore, the extensive literature relating to the adverse effects of
parenterally administered methyl alcohol in nonprimate animals will not be 
treated in this document because the results of those studies are likely to 
bear little relevance to the occupational hazards to human health resulting 
from exposure to methyl alcohol. However, a few studies on the effects of 
methyl alcohol in monkeys and the irritant effects of externally applied 
methyl alcohol on lower animals will be described in this section. In 
addition, several studies which indicate a different route of methyl 
alcohol metabolism in primates and nonprimates will be discussed. For more 
information on the effects of parenterally administered methyl alcohol on 
nonprimate animals, the reader is referred to the somewhat old, but very 
thorough, review by von Oettingen. [46]
In 1931, McCord [47] studied the effects of methyl alcohol by skin 
absorption and inhalation in monkeys, rabbits, and rats. Skin absorption 
experiments were carried out by clipping the abdominal hair of the animals, 
then applying several layers of gauze padding to the clipped area which 
were held in place with bandages covered by rubber dam and secured with a 
canvas corset. Methyl alcohol was applied to the gauze pads with a 
hypodermic needle and syringe, thus precluding concurrent inhalation of the 
methyl alcohol. He described the results of the skin absorption 
experiments by stating that all animals subjected to the action of any 
amount of methyl alcohol by skin absorption had died. The lowest lethal 
dose was 0.5 ml/kg for one monkey. The author reported that rabbits were 
far less susceptible to methyl alcohol poisoning by this route than monkeys 
and rats. In a study of the effects of continuous administration of methyl 
alcohol, a known amount was dropped onto or injected into the gauze pads 4 
times/day. All such treated monkeys displayed dilated pupils within 2
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hours after one such administration of 1.3 mg/kg of methyl alcohol. The 
minimum lethal dose was a total of 4 administrations of 0.5 ml/kg methyl 
alcohol in one day, and the author concluded that sufficient methyl alcohol 
could be absorbed through the skin to cause death and that the threshold 
for immediate danger in monkeys was below the minimum lethal dose. By 
extrapolation, he concluded that 2.5-3.0 ounces (77.5-93 ml) of methyl 
alcohol applied once to an average-sized man under conditions favoring 
retention would be conducive to harm and would be undesirable; the 
assumptions used to arrive at these figures were not stated. The lack of 
specific information as to the exact skin area covered by the gauze pads as 
well as a confusing presentation of results (the author did not include 
detailed protocols in the report) detract from the quantitative value of 
this paper.
In order to determine the effects of methyl alcohol by inhalation, 
McCord [47] placed the animals in gassing chambers for from 1 to 18 hours. 
Air was continuously pumped through the chamber at a known rate. Methyl 
alcohol vapor was generated by dripping liquid methyl alcohol at a constant 
rate on a heated glass plate. Concentrations were calculated from the 
known volume of methyl alcohol evaporated in the chamber and the volume of 
air moved through the chamber, but air samples were not analyzed to confirm 
the validity of these calculations. Thus the true airborne concentrations 
may have been lower than those reported. The results of these studies were 
not presented in a clearly tabulated form. However, the author noted that 
the threshold of danger was well below 1,000 ppm, a concentration that led 
to the death of some of the animals. He reported marked differences in 
individual and species susceptibility. Thus one monkey survived an
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extended exposure (exact time not reported) of 5,000 ppm while another died 
"promptly" upon exposure to 1,000 ppm. The average rabbit was said to be 
far more resistant to methyl alcohol vapor than the average monkey. McCord 
stated that it was not unusual to observe monkeys which were totally blind, 
as determined by both general observation and ophthalmoscopic examination, 
recover their sight and display no signs of intoxication. Corneal opacity 
in both rats and rabbits occurred early in the clinical manifestations of 
poisoning, presumably in contrast to the slower development of blindness in 
monkeys. As a result of the incomplete reporting of quantitative results 
in this study, it is difficult to assess the validity of the author's 
inference that the vapor from 1 ounce (approximately 30 ml) of methyl 
alcohol even over a period of 2-3 days constitutes a threat to human life.
In 1961, Cooper and Felig [48] described a study in which methyl 
alcohol was administered to rhesus monkeys of both sexes. The expressed 
purpose of this study was to identify the organic acid or acids believed to 
appear in increased amounts in the urine of monkeys and humans as a result 
of methyl alcohol poisoning. Unfortunately, no human material was 
available during the course of this study. Twelve monkeys were used in 
this experiment with 8 being reused from 1-5 times. After oral 
administration of the methyl alcohol, the monkeys were observed at frequent 
intervals for spontaneous activity, maintenance of equilibrium, resistance 
to handling, and response to visual and other stimuli. Twenty-four hour 
urine samples, collected both before and after administration, were 
analyzed for organic acids. Serum bicarbonate levels were determined as a 
measure of metabolic acidosis.
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The results of this study [48] were unexpected in that the monkeys 
used did not respond to methyl alcohol intoxication like humans or like the 
monkeys in the study by Gilger and Potts. [42] In the first place, all 
monkeys receiving methyl alcohol at doses of 6 g/kg or less survived; the 
LD50 was found to be in the range of 7-9 g/kg. Secondly, the clinical 
course of fatal poisoning was narcosis followed by death with no 
asymptomatic latent period. Thirdly, only one monkey displayed a transient 
blindness 4 days after receiving 9 g of methyl alcohol/kg. Finally, only 
one out of three monkeys appeared to develop a definite metabolic acidosis. 
This animal, however, failed to demonstrate an increased excretion of 
urinary organic acids as did all the other monkeys in this experiment. The 
authors suggested that the monkey was an animal model intermediate between 
nonprimates and humans as it demonstrated characteristics similar to both 
nonprimates and humans. The original expressed purpose of this study was 
to identify the acids found in the urine of humans following methyl alcohol 
poisoning using rhesus monkeys. Cooper and Felig, [48] however, found no 
significant increase in urinary excretion of organic acids 24-72 hours 
following ingestion of methyl alcohol.
A series of normal aliphatic alcohols were tested for comparative 
irritant potential in 4 rabbits by Renkonen and Teir. [49] Methyl, ethyl, 
propyl, butyl, amyl, hexyl, heptyl, and octyl alcohols in doses of 10 and 
35 mg dissolved in water or paraffin oil at a constant volume dose were 
injected intracutaneously, and the animals were observed for skin 
reactions. Measurements of skin reactions were performed 24 hours after 
injection of the alcohols. At 10 mg of methyl or ethyl alcohol in water, 
no skin reactions were seen. The other alcohols, however, all elicited a
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skin reaction. At 35 mg of the alcohols in water, methyl alcohol elicited 
a 9-sq mm skin reaction, ethyl alcohol a 47-sq mm skin reaction, and propyl 
alcohol a 75-sq mm skin reaction. At least on the basis of tests on 
rabbits, it would appear that methyl alcohol is not a significant skin 
irritant.
In a range-finding test designed to show the potential for chemical 
substances to produce chemical burns of rabbit corneas, methyl alcohol was 
classified as grade 3 by Carpenter and Smyth. [50] The total grading scale 
ran from 1 to 10. An example of compounds in grades 1, 5, and 10 are
ethylene glycol, acetone, and sodium hydroxide, respectively.
The remaining studies discussed in this section explore the enzymatic 
pathways of methyl alcohol metabolism in the animal systems studied and 
show that the primary pathway of methyl alcohol metabolism (although not 
the products) is different in nonprimates and primates.
In 1964, Tephly et al [51] studied the effect of ethyl alcohol and 1- 
butanol on the metabolism of l4C-labeled methyl alcohol in rats. The rats 
were given 1 g/kg of 14C-labeled methyl alcohol ip and monitored in 
metabolism cages. Methyl alcohol was oxidized at a constant rate of 24 
mg/kg/hr for the first 28 hours. At the end of 36 hours, 77% of the methyl 
alcohol had been converted to 14C-labeled carbon dioxide and 24% of the 
administered dose was excreted unchanged. Approximately equal amounts were 
excreted unchanged by pulmonary and combined urinary and fecal routes. 
When an equimolar amount of ethyl alcohol was injected with the 1 g/kg 14C- 
methyl alcohol, there was a 55%-decrease in the amount of total 14C-labeled 
carbon dioxide excreted in the first 90 minutes following administration. 
The authors concluded that the enzyme systems responsible for the
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metabolism of methyl alcohol were inhibited by ethyl alcohol, but a more 
likely interpretation is that ethyl alcohol preempted the metabolic 
activity of this enzyme system. The authors cited previous in vitro
studies which indicated that the isolated catalase-peroxidase system had an 
equal affinity for methyl and ethyl alcohols whereas the affinity of the 
purified alcohol dehydrogenase system was 10-50 times greater for ethyl 
alcohol than for methyl alcohol. The authors [51] considered this to be 
evidence that the catalase-peroxidase system was primarily responsible for 
methyl alcohol metabolism in rats. At a molar ratio of 8:1 methyl alcohol 
to ethyl alcohol, there was no inhibition of ethyl alcohol metabolism. The 
authors concluded from this that the metabolic pathway for ethyl alcohol 
oxidation plays an insignificant role in the rat for the oxidation of 
methyl alcohol.
Additionally, 1-butanol was studied for its effect on the oxidation 
of 14C-ethyl and 14C-methyl alcohol. [51] In vitro studies cited by the 
authors indicated that 1-butanol had a greater affinity for ADH than ethyl 
alcohol; however, 1-butanol was a poor substrate for the catalase- 
peroxidase system. The in vivo experimental results revealed that 1- 
butanol was a potent inhibitor of ethyl alcohol metabolism and a poor 
inhibitor of methyl alcohol metabolism. Furthermore, the authors studied 
the effect of 3-amino-l,2,4-triazole (AT), an inhibitor of catalase, on the 
oxidation of 14C-methyl alcohol and 14C-ethyl alcohol. Pretreatment of 
rats with 1 g/kg AT ip 1 hour prior to methyl alcohol administration 
decreased methyl alcohol oxidation by about 50%. AT had virtually no 
effect on ethyl alcohol oxidation. In summary, the authors concluded from 
the results of all these studies that the catalase-peroxidase system in the
rat played a major role in the oxidation of methyl alcohol and was not
primarily responsible for the oxidation of ethyl alcohol.
In 1968, Makar et al [52] published a comprehensive study on the
mechanism by which methyl alcohol is metabolized by monkeys in vivo. Six
young rhesus monkeys were used repeatedly throughout the study. They 
received 14C-methyl alcohol injected ip. The monkeys were divided into 2 
groups. In order to determine the effect of dose size on oxidation, one 
group received 1 g/kg and the second group received 6 g/kg. At the 1 g/kg 
dose, 14C-methyl alcohol was oxidized at the rate of 37 mg/kg/hour between 
the first and the fourth hours. During this period, the rate of R e ­
labeled carbon dioxide formation was linear. The animals receiving 6 g/kg 
oxidized the alcohol at a rate of 47 mg/kg/hour during the same time 
interval. Thus, the oxidation rates of the 2 doses were significantly 
different. In the animals receiving the higher dose of 14C-methyl alcohol, 
49% of the methyl alcohol was oxidized to 14C-carbon dioxide, 35% was 
removed by pulmonary excretion as unchanged methyl alcohol, and 16% was 
removed via the kidneys as unchanged methyl alcohol.
The effect of ethyl alcohol on 14C-methyl alcohol oxidation and 
methyl alcohol on 14C-ethyl alcohol oxidation in monkeys was also studied. 
[52] Varying amounts of ethyl alcohol were injected with a constant dose 
of 14C-methyl alcohol (0.5 g/kg), and 14C-labeled carbon dioxide was 
collected at intervals over a 4-hour period. When equimolar quantities of 
the 2 alcohols were used, methyl alcohol oxidation was reduced 90% 
throughout the entire period of observation. These results are in contrast 
to the results of Tephly et al [51] in rats as described above where an 
equimolar dose of ethyl alcohol caused a 55%-reduction in methyl alcohol
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metabolism. The results of the equimolar doses of the alcohols Indicated 
that the peroxidative system is not the primary metabolic pathway for 
methyl alcohol in the monkey. If it were so, inhibition of methyl alcohol
oxidation should have been around 50%. These findings suggested that the
alcohol dehydrogenase system, or possibly a system other than the 
peroxidative system, was responsible for methyl alcohol oxidation in the 
monkey.
In another study, [52] the effect of 1-butanol on 14C-methyl alcohol
metabolism in the monkey was observed. In vitro studies cited by the
authors showed that, compared with ethyl alcohol, the reactivity of 1- 
butanol was greater for the alcohol dehydrogenase system. Moreover, 1- 
butanol was less reactive with the perioxidase system than either ethyl or 
methyl alcohol. With a molar ratio of 14C-methyl alcohol to 1-butanol of 
1:0.5, the oxidation of methyl alcohol was inhibited 63% during the first 
90 minutes following dosing. This finding is in contrast to the results of 
the rat experiments described earlier [51] where 1-butanol did not 
noticeably affect methyl alcohol metabolism. This again supported the view 
that for monkeys the alcohol dehydrogenase, or some system not involving 
catalase, is the primary metabolic pathway for methyl alcohol oxidation.
Makar et al [52] referred to one of their earlier studies in which 
the effects of inhibition by AT on hepatic catalase in the rat were 
examined. Intraperitoneal administration of AT to rats was shown to reduce 
the oxidation of methyl alcohol by 50% in vivo. However, in this study, 
[52] when 5 monkeys received AT prior to 14C-methyl alcohol there was no 
significant drop in methyl alcohol metabolism. This suggested to the 
authors that the catalase peroxidase system was important in the oxidation
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of methyl alcohol in the rat but did not play a significant role in the 
monkey.
Clay and coworkers [53] administered methyl alcohol to rats, rhesus 
monkeys, and pigtail monkeys. Acidosis developed consistently in pigtail 
monkeys (at 2-4 g/kg ip) but in only 1 of 4 rhesus monkeys (at 4 g/kg ip) 
and not at all in rats. Using the pigtail monkey as the animal model of 
choice for other experiments, several studies were performed. Blood ions 
and pH were measured in pigtail monkeys injected ip with methyl alcohol 4 
g/kg as a 20% solution in physiological saline. Blood bicarbonate (pC02 
and total C02) and pH decreased over the period 7.5-21 hours, glucose 
increased moderately and formate increased markedly. There were also
significant increases in lactate, alpha-hydroxybutyrate, beta- 
hydroxybutyrate, alpha-ketobutyrate, acetoacetate, p-hydroxyphenylacetate, 
and p-hydroxyphenyllactate; however, these increases accounted for only a 
small part of the increases in blood anions, with formate constituting the 
major, almost total, constituent replacing blood bicarbonate. In another 
experiment, a specific inhibitor of hepatic alcohol dehydrogenase, 4-
methylpyrazole (50 mg/kg by vein) was administered 30 minutes prior to 
methyl alcohol (4 g/kg ip) and every 6 hours thereafter. Under these
circumstances, there were no significant decreases in blood pH or other 
signs of toxicity during the 48-hour observation period. These experiments 
give additional support to the evidence that methyl alcohol in primates is 
primarily metabolized by alcohol dehydrogenase and then further oxidized to 
formate which is the principle cause of acidosis.
The well-designed studies of Tephly et al, [51] Makar et al, [52] and 
Clay et al [53] present strong evidence that different enzyme systems are
67
primarily responsible for the oxidation of methyl alcohol in rats and 
monkeys and that the pathway in monkeys more closely resembles the pathway 
in humans as previously discussed in this chapter. The cited evidence also 
indicates that the nature of methyl alcohol poisoning in monkeys more 
closely resembles that in humans than in nonprimates. It is tempting to 
speculate that this similarity is a result of the similar metabolic 
pathways in these species. No direct evidence supporting this speculation 
has been found, however, and the exact reasons why humans are affected 
differently by methyl alcohol than nonprimates remain unknown.
Correlation of Exposure and Effect
Well-documented studies that correlate environmental levels of methyl 
alcohol with observed toxic effects have not been found in the literature, 
nor have any long-term epidemiologic studies of chronic low-level 
occupational exposure been found.
Effects seen from either of the 2 most common routes of occupational 
exposure (inhalation and percutaneous absorption) include: headache
[14,16,17,39]; dizziness [13,19]; nausea [16,17,26]; vomiting [17]; 
weakness (unspecified) [16]; vertigo [17,26]; chills [13]; shooting pains 
in the lower extremities [13]; unsteady gait [17]; dermatitis [14]; 
multiple neuritis characterized by paresthesia, numbness, prickling, and 
shooting pain in the back of the hands and forearms, as well as edema of 
the arms [15]; nervousness [19]; gastric pain [19]; insomnia [19]; acidosis 
[19]; and formic acid in the urine. [26] Eye effects, such as blurred 
vision, [16,17] constricted visual fields, [17,19,25] blindness, [13,25] 
changes in color perception, [17] double vision, [19] and general visual
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disturbances [17] have been reported. Eye examinations have shown sluggish 
pupils, [13,17] pallid optic discs, [13] retinal edema, [17] papilledema, 
[26] hyperemia of the optic discs with blurred edges and dilated veins. 
[17]
The study by Bennett et al [40] showed similar symptoms resulting 
from ingestion. These are acidosis, headache, visual disturbances, 
dizziness, nausea and vomiting, severe upper abdominal pain, dilated and 
nonreactive pupils. Eyeground examinations showed hyperemia of the optic 
discs and retinal edema. The eyeground changes were almost always found in 
acidotic patients. This finding is suggestive of a correlation between 
acidosis and visual disturbances. However, a number of patients with and 
without acidosis complained of visual disturbances. Additionally, blood 
tests showed elevated serum amylase levels in 14 of 21 patients. This 
finding in conjunction with complaints of upper abdominal pain and 
pancreatic necrosis seen at autopsy led the authors [40] to conclude that 
hemorrhagic pancreatitis resulted from acute methyl alcohol intoxication. 
However, reports of acute hemorrhagic pancreatitis by parenteral routes 
have not been found.
Direct skin contact with methyl alcohol has been said to cause 
dermatitis, [14] erythema, and scaling. [27] The reported variability in 
susceptibility [14] is probably largely because of variations in time of 
contact with methyl alcohol; it is evident that sufficient dermal contact 
with any lipid solvent such as methyl alcohol has the potential for causing 
skin irritation.
Direct contact of methyl alcohol with the eyes resulted in chemosis 
and superficial lesions of the cornea which were rarely of a serious
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nature. [24] This conclusion was supported hy the findings of later 
studies on rabbits, [50] which showed that methyl alcohol was a mild eye 
irritant.
Many of the signs and symptoms of intoxication attributed to either 
the ingestion, inhalation, or percutaneous absorption of methyl alcohol are 
not specific to methyl alcohol. Thus, for example, headache, dizziness, 
nausea and other gastrointestinal disturbances, weakness, vertigo, chills, 
behavioral disturbances, and neuritis can be caused by a wide range of 
chemical and physical stresses on the organism. Therefore, these signs and 
symptoms may be of little use in diagnosing methyl alcohol poisoning. The 
characteristic signs and symptoms of methyl alcohol poisoning in humans, 
then, are the various visual disturbances and severe metabolic acidosis 
which appear to result from overexposure to methyl alcohol by any route. 
Chronic exposure at relatively low levels of methyl alcohol may have 
effects other than those resulting from acute exposure; however, no studies 
have been found that would support this speculation.
The presence of a characteristic asymptomatic latent period following 
ingestion of methyl alcohol, prior to the development of acidosis and/or 
visual disturbances in humans and in some nonhuman primates, suggests that 
these effects are caused by a metabolite of methyl alcohol rather than by 
the alcohol itself. Evidence for a metabolite of methyl alcohol acting as 
the proximal toxic agent is the fact that toxic manifestations can be 
attenuated by the administration of ethyl alcohol, [29] a compound that has 
been shown to inhibit the oxidation of methyl alcohol in vivo. [30,31,37]
As a result of the critical role which the metabolism plays in the 
course of human methyl alcohol intoxication, it is clear that factors which
70
affect that metabolic pathway will also affect the severity and course of 
the methyl alcohol intoxication. The amelioration of methyl alcohol 
poisoning by ethyl alcohol [29] is one example. The individual variations 
in activity of the alcohol dehydrogenase systems probably account for the 
variation in the individual responses observed with methyl alcohol 
poisoning. In their study of an epidemic of methyl alcohol poisoning, 
Bennett et al [40] noted what they called an extreme variation in 
individual response to a given amount of methyl alcohol in that one 
individual died after ingesting approximately 15 ml of a 40% methyl alcohol 
solution and another survived after ingesting 500 ml of this same solution. 
This wide variability in individual susceptibility to ingested methyl 
alcohol has also been noted by others, [11] and reviewed by Cooper and 
Kini. [44]
Although not as clearly documented, there appears to be a similar 
individual variability among persons exposed to methyl alcohol by 
inhalation or percutaneous absorption, both In the type of symptoms 
manifested and in their severity. For example, Wood [18] described the
cases of 4 men who were employed together as varnishers of beer vats. One
felt dizzy after the first day and could not continue past the second day. 
Another did not develop symptoms until the third day. The remaining 2 
worked through the third day but subsequently died without returning to 
work. In Tyson's study of the pencil-varnishing operation, [17] all the
women in the room presumably had similar exposures but only 2 sought
medical treatment for visual disorders. The results of one inhalation 
study [47] using rhesus monkeys revealed individual susceptibility 
differences in that one animal died during exposure to 1,000 ppm methyl
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alcohol whereas another survived an exposure to 5,000 ppm.
Quantitative data are not available which might indicate at what 
concentration in the air methyl alcohol constitutes a threat to human life. 
McCord [47] reported that exposure of one monkey to methyl alcohol at 1,000 
ppm for an unspecified length of time was lethal, but the lack of reported 
experimental detail leaves this result open to question.
Humperdinck [25] described a case in which an employee experienced 
diminution of vision which was associated with chronic exposure in the 
workplace to concentrations of methyl alcohol in the range of 1,600-10,900 
mg/cu m (1,200-8,300 ppm).
Leaf and Zatman [30] reported that when human volunteers were exposed 
to methyl alcohol concentrations of 650 to 1,430 mg/cu m (500-1,100 ppm), 
3-4 hours of exposure were all they could reasonably tolerate. The authors 
did not make it clear, however, whether further exposure could not be
tolerated because of the direct effect of methyl alcohol vapor or because
of the conditions of the experiment.
Kingsley and Hirsch [39] reported that the frequency and severity of 
persistent headaches in employees of the Sandia Laboratories appeared to be 
a function of the proximity of their workplace to direct process 
duplicating machines which used methyl alcohol-based duplicating fluid. 
Air samples in the vicinity of the duplicating machine operations in the 
workers breathing zone revealed concentrations of methyl alcohol ranging
from 15 to 375 ppm (20-490 mg/cu m), while air samples 10 feet from the
machines revealed concentrations of approximately 100 ppm (130 mg/cu m). 
As stated by the authors concentrations were usually in excess of 200 ppm 
(260 mg/cu m) and less than 300 ppm (490 mg/cu m).
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In 1917, the New York State Industrial Commission [14] made a survey 
of the artificial flower industry, in which methyl alcohol was used as a 
dye solvent. In one factory, the airborne level of methyl alcohol was 
found to be 200 ppm W/V. In many instances, the odor was noticeable at a 
distance of 75 feet from the dipping and drying operation. Exposure to 
methyl alcohol in this environment was said to result in dermatitis, 
anemia, nearsightedness, and conjunctivitis. As previously discussed in 
the section on Epidemiologic Studies, it seems doubtful that exposures at 
200 ppm of methyl alcohol were responsible for the effects noted.
Greenburg et al [38] reported on the health effects of 19 men 
employed in the fused-collar industry for a period of 9 months to 2 years. 
The airborne concentrations of methyl alcohol and acetone to which these 
workers were simultaneously exposed were 22-25 ppm and 40-45 ppm, 
respectively. Physical examination including ophthalmoscopic examination 
performed on these men revealed no significant findings which might be 
related to methyl alcohol exposure.
Chao Chen-Tsi [22] stated that airborne methyl alcohol at a
concentration of 3.3 mg/cu m (2.5 ppm) caused a diminution of light
sensitivity in the most sensitive human subjects whereas methyl alcohol at 
a concentration of 2.4 mg/cu m (1.8 ppm) had no such effect.
Ubaydullayev [23] indicated that airborne methyl alcohol at a
concentration of 3.5 mg/cu m (2.7 ppm) caused a change in one human 
subject’s sensitivity to light during dark adaptation whereas a 
concentration of 3.1 mg/cu m (2.4 ppm) had no effect. In addition, all 6 
human subjects exposed to airborne methyl alcohol at a concentration of 1.5 
mg/cu m (1.1 ppm) showed changes in the alpha-rhythm amplitude of their
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EEG's, whereas 1.0 mg/cu m (0.77 ppm) was a no-effect level.
Unfortunately, It is difficult to assess the validity of the results 
reported both by Chao Chen-Tsi [22] and by Ubaydullayev [23] since neither 
author provided any specific information as to the source and purity of the 
methyl alcohol used, how the subjects were exposed to methyl alcohol, how 
methyl alcohol concentrations were determined, how the human responses were 
measured, and what statistical methods were used to treat the experimental 
data. Moreover, even if adverse effects do occur at relatively low 
concentrations of methyl alcohol, it has not been clearly established 
whether subtle changes in EEG patterns or light sensitivity can be classed 
as adverse health effects. As discussed in the section Effects on Humans, 
it seems doubtful that these represent adverse changes of exposure at low 
concentrations of methyl alcohol.
Chao Chen-Tsi [22] and Ubaydullayev [23] reported odor thresholds for 
methyl alcohol which also were studied by Scherberger et al [20] and May. 
[21] Ubaydullayev [23] reported a minimal perceptible concentration of 
methyl alcohol of 3.4 ppm while May [21] reported an odor threshold of 
5,900 ppm. May's study has the advantage of being thoroughly described; it 
used a relatively large number of subjects. If, in fact, the odor 
threshold for methyl alcohol is in the neighborhood of 5,900 ppm, it is 
clear that methyl alcohol may not be detectable by odor at concentrations 
which might pose a threat to human health.
A summary of available data would seem to indicate that chronic 
exposure to air concentrations of methyl alcohol in a range of 1,200-8,300 
ppm can lead to impaired vision. [25] Concentrations probably in excess of 
200 ppm may lead to persistent, recurring headaches. [39] On the other
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hand, occupational exposures at air levels of 25 ppm [38] during an 8-hour 
working day apparently may be endured without harmful effects.
No human or experimental mammalian studies have been found to 
evaluate the possible mutagenic, teratogenic, or carcinogenic effects of 
methyl alcohol. In a study [54] in grasshoppers, Oxya velox Fabricius, 
0.3% methyl alcohol inlected in the vicinity of the testes produced an 
incidence of 3.5% chromosomal aberrations in testicular tissue, but 
examination of the stages of spermatogenesis was not performed.
No aberrations were observed in grasshoppers injected with distilled 
water. Saha and Khudabaksh [54] did not report any evidence for the 
induction of permanent aberrations in germ cell lines or for the 
inheritability of the observed abberations. In view of the fundamental 
differences in genetic mechanisms, the utility of the grasshopper in 
quantitatively predicting inheritable germinal or somatic mutations in 
humans is questionable.
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IV. ENVIRONMENTAL DATA AND ENGINEERING CONTROLS
Sampling and Analysis
Airborne methyl alcohol concentrations can be measured directly with 
chemical indicator tubes [55] by passing a known volume of gas through the 
sampling tube, thus producing a stained zone on the indicating portion of 
the tube; the length of the stained zone is a measure of the concentration. 
As these tubes tend to give very high results, [55] they are suitable only 
for the approximate assessment of airborne concentrations and qualitative 
surveys. Moreover, they are not specific to methyl alcohol since they are 
also used for ethyl alcohol. [55]
Smith and Pierce [56] have shown that certain plastic bags will 
retain up to 97% of the methyl alcohol in air sampled for up to 120 hours 
at concentrations from 100 to 400 ppm. This particular sampling method is 
bulky and is applicable for peak and ceiling determinations and for TWA 
determinations if a sufficient number of small samples or a sufficiently 
slow sampling rate is used.
Rogers [57] reported that a midget impinger, containing 10 ml of 
distilled water as a sampling medium, had a collection efficiency of 
approximately 92% for methyl alcohol at concentrations of 200 and 400 ppm 
(260 and 520 mg/cu m). These sampling efficiencies were reported at 
sampling rates of 1-3 liters/minute. When a fritted glass bubbler was also 
tested using 10 ml of distilled water, the collection efficiency was 
approximately 91% and 96% for methyl alcohol concentrations of 200 and 400 
ppm (260 and 520 mg/cu m), respectively. The major disadvantage of the 
fritted bubbler is that it limits the sampling rate to around
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1 liter/minute. Additionally, the collection efficiency of water was 
slightly impaired when the methyl alcohol concentration of the solution 
exceeded 5 mg/10 ml. [57] A significant disadvantage of collection in a
liquid system is that sample loss can occur from spillage or evaporation 
during the actual sampling, or in transit for analysis.
Silica gel has been tested and used by some investigators for 
sampling solvent vapors. [58,59] One significant problem of this method 
with regard to methyl alcohol sampling is that the presence of high water 
vapor concentrations (85-95%) in air reduces the collection efficiency when 
the total amount of silica gel in the sampling tube is 150 mg (100 mg 
adsorbing section; 50 mg backup section). [58] The use of larger tubes 
containing 850 mg silica gel (700 mg adsorbing section; 150 mg backup 
section) has succeeded in effectively preventing the interference of water 
vapor in the collection process over a range of 100-1,000 ppm methyl 
alcohol. [60] An obvious advantage of collection on a solid medium such 
as silica gel is that sample loss cannot occur from spillage during 
sampling or in transit for analysis.
Infrared spectrophotometry has been successfully used for the 
qualitative analysis of various compounds, including alcohols. For 
quantitative analysis, however, there are practical problems, such as cell 
width and complexity of spectra which could cause overlapping of the 
spectral components of the sample, and narrow peaks which could cause 
deviations from Beer's law, as mentioned by Skoog and West. [61]
Numerous colorimetric methods for quantitative analysis of collected 
samples of methyl alcohol have been used. [57,62-65] These methods are 
based on the following principle: methyl alcohol is oxidized to
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formaldehyde with potassium permanganate. The formaldehyde is then reacted
with Schiff's reagent [57,62,63,65,66] or rosaniline solution [64] to
produce an easily recognizable and stable color. In recent years however, 
gas chromatography has become the more prevalent method for the analysis of 
organic solvents. [58,67-70] This method is particularly desirable since 
it is capable of analyzing for other substances simultaneously with methyl 
alcohol.
Appendices I and II present the recommended methods for the sampling 
and analysis of methyl alcohol. Briefly the sample is drawn through a 
silica gel tube, desorbed with distilled water [60] and analyzed by gas 
chromatography. [69] The sampling device is small and portable. The 
sample can then be analyzed by means of a rapid, relatively specific 
instrumental method, with minimal interferences, most of which can be 
eliminated by altering chromatographic conditions.
Environmental Levels
Little information has been found concerning levels of atmospheric 
methyl alcohol in industry. In 1917, the New York State Industrial
Commission [14] made a survey of the artificial-flower industry, in which 
methyl alcohol was used as a dye solvent. In one factory, the airborne
level of methyl alcohol was found to be 200 ppm W/V. In many instances, 
the vapor was noticeable at a distance of 75 feet from the dipping and 
drying operation. Since the minimum detectable odor for methyl alcohol, as 
reported by May, [21] was 5,900 ppm, it would appear that the airborne 
concentrations of methyl alcohol were quite high.
In their study of the wood-heel industry, Elkins and Hemeon [71]
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supervised a survey of 13 of the 41 establishments engaged in the wood 
heel-covering business. Air analysis in 8 of the 13 plants yielded the 
following average methyl alcohol concentrations: plant (1), 780 ppm (1,020
mg/cu m); plant (2), 475 ppm (622 mg/cu m); plant (3), 365 ppm (478
mg/cu m); plant (4), 320 ppm (419 mg/cu m); plant (5), 210 ppm (275
mg/cu m); plant (6), 185 ppm (242 mg/cu m); plant (7), 180 ppm (236
mg/cu m); plant (8), 160 ppm (209 mg/cu m). With the exception of plant 
(4) in which only one value was given the rest of the values were the 
average of 2 determinations.
In 1938, Greenburg et al [38] found airborne methyl alcohol
concentrations of 22-25 ppm (29-33 mg/cu m) in well-ventilated rooms in 
which methyl alcohol was used to impregnate fused collars.
Goss and Vance, [72] in a survey of 5 plants using duplicating 
machines reported the following average airborne methyl alcohol
concentrations: plant (1), 367 ppm (480 mg/cu m); plant (2), 45 ppm (57
mg/cu m); plant (3), 572 ppm (749 mg/cu m); plant (5), 206 ppm (270
mg/cu m); and 260, 93, and 165 ppm (340, 122, and 216 mg/cu m,
respectively) in 3 different departments of plant (4). Samples of
duplicating fluids used were reported to contain between 45 and 85% methyl 
alcohol in plants (2) through (5).
Leaf and Zatman [30] investigated atmospheric conditions in a methyl 
alcohol-manufacturing plant. The sampling was done in 3 distinct plant 
areas: the synthesis plant, the distillation plant, and the stripping
plant. In the synthesis plant, where the operations were completely 
enclosed (high-pressure manufacturing process), no methyl alcohol was found 
(less than 5 ppm). In the distillation plant, the air samples taken near
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the sampling tray, the most likely place for an accumulation of vapor in 
the distillation area, contained 40-64 ppm (54-84 mg/cu m) of methyl 
alcohol. In the stripping plant, the airborne methyl alcohol 
concentrations were 80, 82, and 116 ppm (105, 108, and 152 mg/cu m,
respectively).
McAllister, [73] also in a study of airborne methyl alcohol 
concentrations around 4 different makes of duplicating machines, reported 
average breathing zone concentrations that ranged from 400 to 800 ppm (524- 
1,050 mg/cu m). Moreover, general room air concentrations were as high as 
1,000 ppm (1,300 mg/cu m). Although not clearly stated by the author, his 
report would indicate that these high concentrations occurred because the 
room was small and had poor ventilation. Subsequent sampling in a well- 
ventilated office with only 3 machines in operation was carried out and 
breathing zone samples showed methyl alcohol concentrations ranging from 
155-420 ppm (200-550 mg/cu m). Air concentrations of methyl alcohol 10 
feet from the machines decreased to 65 ppm (85 mg/cu m).
Dutkiewicz and Blockowicz [74] performed field studies in one of a 
number of plants manufacturing emulsifying agents (lanoceryt, euceryt) and 
the raw material used in their chemical synthesis, namely cholesterol. 
Methyl alcohol was used in various stages of a multistage manufacturing 
process. Airborne concentrations of methyl alcohol were determined at all 
stages of the process and at least twice at each worksite. Air samples 
were collected at hourly intervals during the entire work shift or for the 
duration of any one particular process. Average airborne concentrations 
were found to range from 45 mg/cu m (34 ppm) to 1,100 mg/cu m (840 ppm) 
depending on the worksite. In this particular plant, the worksites were
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not stationary and the workers were consequently exposed to various 
concentrations of airborne methyl alcohol for varying periods of time.
Control of Exposure
Engineering design and work practices for operations with methyl 
alcohol should have as their main objectives controlling vapor 
concentrations, minimizing skin and eye contact, and preventing fires.
Closed systems, properly operated and maintained, should be used 
where practicable to achieve all 3 objectives. Where closed systems are 
not feasible local exhaust systems and temperature control can be used to 
control methyl alcohol exposures. [75,76] It is preferable to control 
methyl alcohol vapor at the source, rather than by general dilution 
ventilation. Specific operations in which methyl alcohol is used in 
aerosol form, such as spraying methyl alcohol-containing materials like 
lacquers or varnishes, may require additional precautions. These 
precautions may include correct placement of exhaust hoods and air movers. 
Exhaust air should not be recirculated or discharged into the atmosphere in 
such a manner that it may reenter the work area. Guidance for the design 
and operation of ventilation systems can be found in Industrial 
Ventilation— A Manual of Recommended Practice [77] or revisions thereto, 
and in Fundamentals Governing the Design and Operation of Local Exhaust 
Systems Z9.2-1971. [78] Sparkproof equipment should be used in all areas
in which the possibility of ignition exists. Although respiratory 
protective equipment is not an acceptable substitute for proper engineering 
controls, it should be available for emergency purposes and for nonroutine
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maintenance and repair.
Protective clothing should be worn whenever repeated or prolonged 
skin contact may occur. [76] Eye protection should be used in areas where 
splashing of methyl alcohol is possible. [76]
Although methyl alcohol is a liquid at normal air temperature, it is 
sufficiently volatile to create hazardous vapor concentrations in confined 
spaces. The vapor is flammable and will burn in open air. The lower 
explosive or flammability limit is approximately 6.7% or 67,000 ppm. [4]
Structures and operations should be designed to minimize the amount 
of methyl alcohol that may become airborne, for example, by the 
installation of appropriate local ventilation, thus reducing the 
possibility of fires. All areas in which methyl alcohol is stored should 
be well ventilated. Storage of large volumes of methyl alcohol should be 
remote from inhabited buildings or structures. [76]
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V. DEVELOPMENT OF STANDARD
Basis for Previous Standards
In 1940, Bowditch et al [79] published the Code for Safe 
Concentrations of Certain Common Toxic Substances Used in Industry. These 
safety limits were used to some extent in Massachusetts as a guide to 
manufacturers and others interested in maintaining satisfactory working 
conditions. The maximum allowable concentration (MAC) for methyl alcohol 
was given as 200 ppm (260 mg/cu m). [79] No basis for this recommended
value was furnished.
In 1945, Cook [80] reviewed the MAC's of industrial atmospheric 
contaminants as promulgated by a number of states (California, Connecticut, 
Massachusetts, New York, Oregon, and Utah), the US Public Health Service 
(USPHS), and the American Standards Association, now known as the American 
National Standards Institute (ANSI). Oregon had a MAC of 100 ppm (130 
mg/cu m) for methyl alcohol. Utah's limits were 100-200 ppm (130-260 
mg/cu m). The other 4 states, USPHS, and American Standards Association 
gave the MAC as 200 ppm (260 mg/cu m). Cook [80] also recommended a limit
of 200 ppm (260 mg/cu m). The basis for this recommendation was the work
of Sayers et al, [41] who observed no toxic signs or unusual behavior in 4 
dogs exposed to methyl alcohol vapor at a concentration of 450-500 ppm 
(590-650 mg/cu m) for 8 hours daily (7 days/week) for 379 days.
ANSI's [2] acceptable concentrations for methyl alcohol in 1971 were: 
200 ppm (260 mg/cu m) as an 8-hour TWA concentration limit, a ceiling
concentration of 600 ppm (785 mg/cu m) for an 8-hour workday, 5-day
workweek, if the TWA limit was at, or below, 200 ppm, and a maximum peak
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concentration of 1,000 ppm (1,300 mg/cu m) for a duration of not more than 
30 minutes if encountered not more than once a day. If such peaks
occurred, they were to be taken into consideration in maintaining the
overall TWA concentration. Recommendations were "based upon the present 
state of human experience and animal investigation"; however, the specific 
citations were not given other than the AIHA Hygienic Guide Series 
published in 1957 [81] for methyl alcohol for the peak concentration.
The most recent (1971) documentation of the methyl alcohol TLV’s [82] 
explained the basis for the TLV of 200 ppm (called a MAC), first
recommended in 1946; Cook [80] was cited in support of this TLV. It was 
the opinion of the TLV committee [82] that the 200-ppm value "incorporates 
a fairly large margin of safety against serious toxic effects." In the 
1974 TLV Documentation, [83] the limit for methyl alcohol was still listed 
at 200 ppm (260 mg/cu m) with a "Skin" designation, which is intended to 
suggest the need to prevent skin contact or absorption, or that such 
absorption should be considered in evaluating exposures.
The current federal worker exposure standard for methyl alcohol is 
200 ppm (260 mg/cu m) as a TWA concentration limit (29 CFR 1910.1000), 
based on the 1968 ACGIH recommendation for a TLV, which was documented in 
1971. [82]
A survey [84] of occupational limits that have been set by foreign 
countries shows a wide variation in recommendations. In 1974, the Federal 
Republic of Germany had a standard of 260 mg/cu m (200 ppm); in 1973, the 
German Democratic Republic had a standard of 100 mg/cu m (76.4 ppm); in 
1973, Sweden had a standard of 280 mg/cu m (214 ppm); in 1969, 
Czechoslovakia had a standard of 100 mg/cu m (76.4 ppm). In 1959 the USSR
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standard was 50 mg/cu m (38.2 ppm) as a maximum permissible concentration. 
[85] A more recent (1972) survey [14] listed the USSR standard as 5 
mg/cu m (3.8 ppm) as a ceiling. [84] The reference [84] indicates that 
with the exception of the USSR, the rest of the values listed for the other 
countries were for an 8-hour TWA.
The 1969 Documentation of MAC in Czechoslovakia [86] cited the work 
of Greenburg et al, [38] Sayers et al, [41] Elkins, [87] and Cook. [80] 
The Czechoslovakia MAC Committee did not consider the work of Sayers [41] 
applicable for toxicity in humans, particularly for effects on the optic 
nerve.
Basis for the Recommended Environmental Standard
Epidemiologic studies incorporating comprehensive environmental 
surveys, well-planned surveillance, a sufficient study population, and 
statistical analysis have not been found in the literature. It is 
therefore difficult to recommend an environmental limit based upon 
unequivocal scientific data.
Numerous effects including dizziness, [13,19,40] nausea and vomiting, 
[17,40] visual disturbances of various types, [17,40] acidosis, [19,40] and 
headache [14,16,17,39,40] have been reported following exposure to methyl 
alcohol by ingestion, inhalation, and percutaneous absorption. Many of 
these previously enumerated effects are not unique to methyl alcohol 
intoxication, as they can be caused by a wide range of other chemical and 
physical stresses. The signs and symptoms most characteristic of methyl 
alcohol poisoning in humans are various visual disturbances 
[14,16,17,19,25] and metabolic acidosis. [19,40] The relationship between
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acidosis and visual disturbances may or may not be one of cause-and-effect, 
as was demonstrated in the study of Bennett et al [40] in which patients
with and without acidosis complained of visual disturbances.
The characteristic asymptomatic latent period between ingestion of 
methyl alcohol and the development of toxic manifestations lends some 
support for the hypothesis that the metabolic products of methyl alcohol 
are the proximal toxic agent(s). In addition, toxic manifestations can be 
attenuated by the administration of ethyl alcohol, [29] a compound which 
has been shown to inhibit the metabolism of methyl alcohol in vivo. 
[30,31,37]
Direct skin contact with methyl alcohol has been reported to cause 
dermatitis [14,27,71] although there appears to be a marked individual 
variability in susceptibility.
Direct contact of methyl alcohol with the eyes is said to result in 
chemosis and superficial lesions of the cornea which are rarely of a 
serious nature. [24] This conclusion is supported by the finding that 
methyl alcohol is a mild eye irritant in rabbit eye tests. [50]
While not clearly documented, there appears to be a wide range of
individual variability among subjects exposed to methyl alcohol by 
inhalation, percutaneous absorption, and ingestion. Wood [18] described
the cases of 4 men who were employed together as varnishers of beer vats 
and thereby exposed to methyl alcohol both by inhalation and by 
percutaneous absorption. One man complained of dizziness after the first 
day and could not continue work after the second day. Another did not 
develop symptoms until the third day. The remaining two worked through the 
third day but subsequently died without returning to work. This
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variability can be seen more clearly in the cases of 2 men observed by 
Bennett et al [40] in which one individual died after ingesting 
approximately 15 ml of a 40% methyl alcohol solution while another survived 
after ingesting 500 ml of the same solution. This wide variability in 
individual susceptibility to ingested methyl alcohol has also been noted by 
others. [11,44]
Humperdinck [25] has reported one case in which a worker suffered 
diminution of vision at airborne methyl alcohol concentrations ranging from 
1,600 to 10,900 mg/cu m (1,200-8,300 ppm). Leaf and Zatman [30] showed 
that in human volunteers airborne concentrations of methyl alcohol from 650 
to 1,430 mg/cu m (500-1,100 ppm) could only be tolerated for 3 to 4 hours. 
The authors [30] did not define intolerable conditions. Kinsley and Hirsch 
[39] reported that airborne methyl alcohol concentrations ranging from 15 
ppm (20 mg/cu m) to 375 ppm (490 mg/cu m) caused severe recurrent 
headaches. As the authors stated, the concentration to which the workers 
were probably exposed was always in excess of 200 ppm with a peak 
concentration of 375 ppm. The New York Department of Labor bulletin [14] 
reported dermatitis of the inflammatory type, anemia, nearsightedness, and 
conjunctivitis at airborne methyl alcohol concentrations of 200 ppm (260 
mg/cu m). There is, however, little evidence that anemia and 
nearsightedness were attributable to methyl alcohol exposure. In addition, 
the relationships between the effects described and the airborne 
concentrations reported are of doubtful significance as previously 
discussed in Chapter III. Greenburg et al [38] reported that no adverse 
health effects were seen at airborne methyl alcohol concentrations of 22-25 
ppm (29-33 mg/cu m).
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Chao Chen-Tsi [22] and Ubaydullayev [23] reported that airborne 
concentrations around 3.3-3.5 mg/cu m (2.5-2.7 ppm) caused a diminution of 
light sensitivity and that this effect was not seen at 2.4-3.1 mg/cu m 
(1.8-2.4 ppm). Additionally, Ubadullayev showed that all 6 human subjects 
tested at an airborne methyl alcohol concentration of 1.46 mg/cu m (1.1 
ppm) showed changes in alpha-rhythm amplitude as measured on an EEG, 
whereas 1.0 mg/cu m (0.77 ppm) did not elicit this response. As previously 
discussed (see Chapter III), the relative importance of these effects is 
questionable in standard setting.
The wide range of estimates of the odor threshold for methyl alcohol 
can be clearly seen from 2 sets of studies estimating the odor threshold 
for methyl alcohol, Scherberger et al [20] reporting 1,500 ppm and May [21] 
giving 5,900 ppm (while citing 2,000 ppm as the figure suggested by the 
Dragerwerk Company of Lubeck) and, in marked contrast to these, Chao Chen- 
Tsi [22] giving 3.3-8.5 ppm and Ubaydullayev [23] giving 3.4 ppm as the 
minimal perceptible concentration of methyl alcohol by odor. It is 
difficult to reconcile such wide differences, even allowing for different 
experimental techniques. Small traces of impurities can have a very marked 
effect upon odor, but in the absence of any data in any of these 4 papers 
on the source or purity of the methyl alcohol used, the issue of impurities 
is only a matter for conjecture.
No information has been found to warrant a modification of the 
existing federal TWA limit for exposure to methyl alcohol of 200 ppm 
(approximately 260 mg/cu m). In particular, no comprehensive epidemiologic 
studies or other significant data on the inhalation of pure methyl alcohol 
vapor have been found. Most of the human inhalation studies reported
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involve other airborne organic compounds as well as methyl alcohol. Hence, 
no valid dose-response relationships concerning the inhalation of methyl 
alcohol vapors can presently be established. Therefore, there is no 
justification for changing the current TWA environmental limit of 200 ppm 
(approximately 260 mg/cu m) for methyl alcohol. Since the adverse effects 
of methyl alcohol are primarily related to its action on the central 
nervous system, it is possible that exposure to high airborne 
concentrations for brief periods may sufficiently affect attention, 
judgment, or perception so that, if an emergency were to occur, the worker 
might not take appropriate action. This suggests the need for a ceiling 
concentration to be observed, as a limitation on excursions above the TWA 
and as a limit applicable to occasional and brief use of methyl alcohol. 
However, after detailed consideration of the data applicable to derivation 
of such a ceiling, no basis from the scientific data appears. Thus, a 
ceiling limit of 800 ppm (1048 mg/cu m) based on a 15-minute sampling 
period is proposed on the basis of good practice.
It is recognized that many workers handle small amounts of methyl 
alcohol or work in situations where, regardless of the amount used, there 
is only negligible contact with the substance. Under these conditions, it 
should not be necessary to comply with many of the provisions of this 
recommended standard, which has been prepared primarily to protect workers' 
health under more hazardous circumstances. Concern for the workers' health 
requires that protective measures be instituted below the enforceable limit 
to ensure that exposures stay below that limit. For these reasons, the 
action level for methyl alcohol has been defined as worker exposure at or 
above half the TWA environmental limit, thereby delineating those work
situations which require the expenditure of health resources, of 
environmental and medical monitoring, and associated recordkeeping. Half 
the TWA environmental limit has been chosen on the basis of professional 
judgment rather than on quantitative data that delineate nonhazardous areas 
from areas in which a hazard may exist. However, because of nonrespiratory 
hazards such as those resulting from skin or eye contact or from ingestion, 
it is recommended that appropriate work practices and protective measures 
be required regardless of the air concentration.
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VI. WORK PRACTICES
Work practices germane to the safe handling of methyl alcohol are the 
subject of several thorough documents [3,76]; however, reports of work 
practices specifically designed for the prevention of low level exposure to 
methyl alcohol have not been found. In general, the primary goal of good 
engineering controls and work practices should be to maintain vapor 
concentrations below prescribed limits, to minimize excursions and eye and 
skin contact, and to prevent fires.
The flash point of methyl alcohol is 54 F (12 C) [3]; it is therefore 
designated as a flammable liquid of Class IB in 29 CFR 1910.106 (19)(ii).
The lower and upper explosive limits for methyl alcohol in air at 20 C are 
6.7% and 36.5% by volume. [4] Different values for the lower explosive 
limit have been reported and found to range from 6.0%, as reported in the 
Hygienic Guide for Methyl Alcohol, [88] to 7.3% given by the Manufacturing 
Chemists' Association. [3] Hence, fire and explosion are significant 
hazards associated with the storage, handling, and use of methyl alcohol. 
The recommended work practices are intended to ensure that no flames or 
other sources of ignition such as lighted smoking materials are permitted 
in the area where methyl alcohol is stored or handled. An acceptable 
margin of safety for flammable substances is 10% of the lower explosive 
limit (29 CFR 1917.11(a)(2) and 29 CFR 1915.11(a)(2)). Therefore, 
precautions against fire and explosion hazards must be taken to ensure that 
airborne methyl alcohol concentrations do not accumulate to, or exceed,
0.67% (6,700 ppm). Special precautions are necessary for entering vessels 
which may contain methyl alcohol [3] and for flame- and spark-generating
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operations, such as welding, cutting, smoking, and transferring methyl 
alcohol. [89,90]
Ingestion of methyl alcohol can cause serious poisoning resulting in 
death or blindness. [11,40] In order to prevent the worker from 
accidentally ingesting methyl alcohol, it is essential that all containers 
in which methyl alcohol is kept must be properly labeled as to content, 
hazard, and possible health consequences if consumed. Additionally, the 
consumption or storage of food or beverages should not be permitted in the 
workplace in accordance with provisions of 29 CFR 1910.141 (g)(2) and
(g)(4).
While airborne levels of methyl alcohol can be maintained below 
limits that are injurious to the health and safety of the workers by 
engineering controls, [77,78] certain situations such as spills, equipment 
failure or maintenance, vessel entry, etc, can occur which require special 
respiratory protection. The selection of the proper respiratory devices is 
presented in Chapter I.
Although methyl alcohol is not a primary skin irritant, prolonged or 
repeated contact with the liquid has produced dermatitis in a few people. 
[14] A greater hazard than dermatitis is severe poisoning that may occur 
from skin absorption of methyl alcohol, reported by Gimenez et al [27] in 
children. While protective clothing is normally not required, if it is 
needed to prevent contamination from methyl alcohol splashes or prolonged 
skin contact, it should be impervious to methyl alcohol. [3,76] If methyl 
alcohol is splashed on clothing, the methyl alcohol should be immediately 
washed off and the garment thoroughly dried before reuse. [3] 
Additionally, any affected areas of the body (except the eyes) must be
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washed thoroughly with soap and water and a change of clothing provided. 
[3,90] The employer may wish to provide protective clothing of a fire- 
retardant nature, even though it is not required.
Chemosis and lesions of the corneal surface have resulted from methyl
alcohol splashed in the eyes. [24] Depending on the nature of the
operation, eye protection in the form of goggles or face shields should be 
used to protect against methyl alcohol coming in contact with the eyes. 
[3,91,29 CFR 1910.133] If methyl alcohol comes in contact with the eyes, 
they should be immediately flushed with copious amounts of water, and the 
patient should be examined by a physician. [76]
In summary, precautions should be exercised against fire and 
explosion hazards of methyl alcohol. Additionally, precautions should be 
taken to prevent the serious consequences from methyl alcohol due to 
ingestion, inhalation, or skin or eye contact. It is important that
workers be informed of the hazards associated with methyl alcohol before 
job placement and whenever changes are made in any process that may alter 
their exposure. Flammability and appropriate procedures should be 
stressed. Appropriate posters and labels should be displayed. The US 
Department of Labor form OSHA-20, "Material Safety Data Sheet," or a 
similar OSHA-approved form, should be filled out. All employees in the 
methyl alcohol exposure area should know where the safety sheet is posted. 
Safety showers, eyewash fountains, and fire extinguishers should be located 
in areas where methyl alcohol splashes are likely to occur and should be 
properly maintained. Handwashing facilities including soap and water 
should be available to employees.
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The safe handling of methyl alcohol depends to a great extent upon 
the effectiveness of employee education, proper safety instructions, 
intelligent supervision, and the use of safe equipment. The education and 
training of employees to work safely and to use the personal protective 
equipment is the responsibility of management. Training classes for both 
new and current employees should be conducted periodically to maintain a 
high degree of safety in handling procedures. [3]
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VIII. APPENDIX I 
METHOD FOR SAMPLING METHYL ALCOHOL IN AIR
General Requirements
(a) Collect air samples from within the employee's breathing zone.
(b) Record the following on all sampling data sheets:
(1) Date and time of sample collection.
(2) Sampling duration.
(3) Volumetric flowrate of sampling.
(4) Description of sampling location.
(5) Serial number of pump.
(6) Name of person performing the calibration or sampling.
(7) Other pertinent information (temperature, pressure, and
information listed in paragraph (i) of Calibration of Equipment).
Recommended Method
The sampling train consists of a silica gel tube and a vacuum pump.
(a) Collect breathing zone samples in a silica gel tube as near as 
practicable to the employee's face without interfering with his or her 
freedom of movement. The shirt collar is convenient for this purpose.
(b) Collect the samples with a portable, battery-operated personal 
sampling pump whose flow can be accurately controlled to within +5% at 0.05 
1/min and a silica gel tube.
(c) Operate the sampler at a flowrate of 0.05 1/min or less. Some 
pumps are designed for high flowrates and some for low; consequently care
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should be taken to use a pump with the proper flowrate, eg, up to 0.20 
1/min.
(d) Collect sufficient breathing zone samples to permit
calculation of a ceiling exposure for every operation involving exposure to 
methyl alcohol.
(e) Provide to the analytical laboratory at least one unused
silica gel tube from the same batch to correct for the blank.
Air Sampling Equipment
(a) Use silica gel tubes having an inside diameter of 8 mm and two 
sections of 45/60 or 42/60 mesh silica gel. The adsorbing section should 
contain 700 mg of silica gel while the backup section should contain 150 mg 
of silica gel. These two sections must be separated by a 7-mm section plug 
(one 100-mesh, stainless steel disc between two Teflon cylinder supports), 
a 12-mm airspace, and another 7-mm section plug.
(b) Use a battery-operated personal sampling pump and a clip for 
attachment to the employee's clothing. Calibrate all pumps and flowmeters 
using a calibrated test meter, or other reference as described in the 
section of this Appendix under Calibration of Equipment.
Calibration of Equipment
Since the accuracy of an analysis can be no greater than the accuracy 
with which the volume of air is measured, the accurate calibration of a 
sampling pump is essential to the correct interpretation of the volume 
indicated. The frequency of calibration is dependent upon the use, care,
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and handling to which the pump is subjected. Pumps should also be 
recalibrated if they have been misused or if they have just been repaired 
or received from a manufacturer. If the pump receives hard usage, more 
frequent calibration may be necessary. Regardless of use, maintenance and 
calibration should be performed on a regular schedule and records of these 
kept.
Ordinarily, pumps should be calibrated in the laboratory both before 
they are used in the field and after they have been used to collect a large 
number of field samples. The accuracy of calibration is dependent on the 
type of instrument used as a reference. The choice of calibration 
instrument will depend largely upon where the calibration is to be 
performed. For laboratory testing, standards such as a spirometer or 
soapbubble meter are recommended, although other standard calibration 
instruments such as a wet test meter or dry gas meter can be used. The 
actual setups will be similar for all instruments.
The calibration setup for personal sampling pumps with a silica gel 
tube is as shown in Figure XIII-1. If another calibration device is 
selected, equivalent procedures should be used. Since the flowrate given 
by a pump is dependent on the pressure drop of the sampling device, in this 
case a silica gel tube, the pump must be calibrated while operating with a 
representative silica gel tube. Instructions for calibration with the 
soapbubble meter are as follows:
(a) Check the voltage of the pump battery with a voltmeter to
ensure adequate voltage for calibration; charge the battery as needed.
(b) Break the tips of a silica gel tube to produce openings of at
least 4-mm in diameter.
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(c) Assemble the sampling train as shown in Figure XIII-1.
(d) Turn on the pump and moisten the inside of the soapbubble 
meter by immersing the buret into the soap solution and drawing bubbles up 
the inside until they travel the entire buret length without bursting.
(e) Adjust the pump flow controller to the desired flowrate.
(f) Check the water manometer to ensure that the pressure drop 
across the sampling train does not exceed 2.0 inches of water at 0.05 
1/min.
(g) Start a soapbubble up the buret and with a stopwatch determine 
the time it takes the bubble to move from one calibration mark to another.
(h) Repeat the procedure in (g) at least twice, average the 
results, and calculate the flowrate by dividing the volume between the 
preselected marks by the time required for the soapbubble to traverse the 
distance. If, for the pump being calibrated, the volume of air sampled is 
the product of the number of strokes times a stroke factor (given in units 
of volume/stroke), the stroke factor is the quotient of the volume between 
the two preselected marks divided by the number of strokes.
(i) Record the following calibration data: volume measured, 
elapsed time or number of strokes, pressure drop, air temperature, and 
atmospheric pressure.
(j) Also record the serial number of the pump, the date, and the 
name of the person performing the calibration.
Collection of Samples
(a) Break both ends of the silica gel tube to provide openings of 
at least half of the internal diameter of the tube, ie, 4 mm. A smaller
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opening causes a limiting orifice effect which reduces the flow through the 
tube. The smaller section of silica gel in the tube is used as a backup 
section and should therefore be placed nearest the sampling pump. Tubing 
may be used to connect the back of the tube to the pump, but no tubing must 
ever be put in front of the silica gel tube. Support the tube in a
vertical position for sampling to prevent channeling.
(b) The recommended sampling flowrate is 0.05 1/min or less. A 3-
liter sample is normally adequate. Using the manufacturer's directions, 
set the calibrated flowrate as accurately as possible. Record the 
temperature, pressure, and humidity of the sampled atmosphere.
(c) Record the initial and final counter readings. The sample
volume can be obtained by multiplying the number of counter strokes times 
the volume/stroke factor.
(d) Immediately after sampling, cap the silica gel tubes with the
plastic caps supplied by the manufacturer. Masking tape is the only
suitable substitute for sealing the tubes. Rubber caps should never be 
used.
(e) Treat one silica gel tube in the same manner as the sample
tubes, (break, seal, ship), but draw no air through it. Label this tube as 
the blank.
Special Considerations
(a) When two or more compounds are known or suspected to be
present in the air, convey such information, including their suspected 
identities, with the sample.
(b) Because of the high resistance of the silica gel tube, the
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sampling pump should not be operated for more than 8 hours without 
recharging the battery.
(c) With the use of the large size silica gel tubes, the problem 
of nonquantitative trapping of methyl alcohol in the presence of high 
humidity or water mist is minimized to a great extent.
(d) Since the desorption efficiency of silica gel varies from 
batch to batch, all the tubes used to collect a set of samples must contain 
silica gel from the same batch. Several unused silica gel tubes and 
information on the batch number should accompany the samples.
Shipping Samples
Capped silica gel tubes should be padded and packed tightly to 
minimize breakage during transportation. Bulk samples and silica gel tubes 
must be shipped in separate containers.
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IX. APPENDIX II 
ANALYTICAL METHOD FOR METHYL ALCOHOL
The following analytical method for methyl alcohol is adapted from 
that described by Baker et al. [69]
Principle of the Method
(a) A known volume of air is drawn through a silica gel tube; 
organic vapors are adsorbed on the silica gel. The sample is then desorbed 
with distilled water.
(b) An aliquot of the aqueous sample is injected directly into a 
gas chromatograph.
(c) The area under the resulting peak is determined and compared 
with areas obtained from standards.
Range and Sensitivity
The sampling method is intended to provide a measure of airborne 
methyl alcohol in the range of 100-1,000 ppm. This method has been 
validated at methyl alcohol concentrations of 100, 200, and 400 ppm and a 
sampling time of 60 minutes, and at 1,000 ppm for at least a 15-minute 
sampling period. [60]
The gas chromatographic method can measure from 1 to 40 (xg/ml of 
methyl alcohol in aqueous solutions. [69] When used in combination, it is 
estimated that the sampling and analytic methods will determine as little
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as 0.8 ppm methyl alcohol in a 3-liter air sample. For aqueous solutions, 
the working range for methyl alcohol is linear up to concentrations of 40 
Hg/ml. [69] However, the gas chromatographic method can easily be applied 
to higher concentrations by appropriate serial dilution of the desorbing 
solution with distilled water.
Interferences
Any compound which has the same retention time as methyl alcohol at
the operating conditions described in this method will interfere with the
analysis. The retention time of any substance suspected of being present 
in the sample should be determined to evaluate the likelihood of its
interfering with the procedure.
Precision and Accuracy
The coefficient of variation (Cv) for 10 replicate determinations of 
of methyl alcohol in aqueous samples performed in the same laboratory was
0.025. This value corresponds to a standard deviation of 0.25 ,ug/ml with a
mean of 10.0 Mg/ml- [69] The efficiency of the combined sampling and
analytic method has not yet been established.
Apparatus
(a) Gas chromatograph equipped with a flame ionization detector.
(b) Column (183 cm x 5 mm ID) with 60/80 mesh Porapak Q,
preconditioned for 18 hours at 225 C.
(c) A mechanical or electronic integrator or some other method for
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determining areas under peaks.
(d) Glass-stoppered test tubes.
(e) Microsyringes: 10 fil and other convenient sizes for making
standards and sample injections.
(f) Volumetric flasks: convenient sizes for making standards.
(g) Pipets.
Reagents
(a) Distilled and deionized water.
(b) Methyl alcohol, chromatographic grade.
(c) Anhydrous acetonitrile, chromatographic grade.
(d) Purified nitrogen.
(e) Purified hydrogen.
(f) Purified air.
(g) Industrial grade compressed air (as per instrument 
requirements).
Procedure
(a) Cleaning of Equipment
All glassware used for laboratory analyses should be washed in 
detergent followed by tap and distilled water rinses.
(b) Analysis of Samples
(1) Use a suitable aliquot of the aqueous methyl alcohol 
solution obtained in the sampling procedure (Appendix I). No further 
preparations of the sample are necessary.
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(2) Typical operating conditions for the gas chromatograph
are:
(A) 35 ml/min nitrogen carrier gas flow. [69]
(B) Hydrogen gas flow to detector as required by
instrument specifications.
(C) Air flowrate to the detector as required by
instrument specifications.
(D) 125 C injection port temperature. [69]
(E) 125 C detector temperature. [69]
(F) 100 C isothermal column temperature. [69]
(3) To eliminate difficulties arising from blowback or 
distillation within the needle, the solvent flush injection technique is 
used. A 10-/il syringe is first flushed with solvent several times to wet 
the barrel and plunger. Three microliters of solvent are drawn into the 
syringe to increase the accuracy and reproducibility of the injected sample 
volume. The needle is removed from the solvent, and the plunger is pulled 
back about 0.2 fil to separate the solvent from the sample by a pocket of 
air. The needle is then immersed in the sample and an aliquot (2-7 ¿¿1) is 
withdrawn. After the needle is removed from the sample and prior to 
injection, the plunger is pulled back 1.2 n1 to minimize evaporation of the 
sample from the tip of the needle. If, for exemple, a 5-jul aliquot were 
used the sample would measure 5.7-5.8 jul because of the needle volume. 
Duplicate injections of each sample and standard should be made at a 
constant injection volume throughout the procedure.
(4) The area under the sample peak is measured by an 
electronic integrator or some other suitable form of area measurement, and
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Determination of Desorption Efficiency
The desorption efficiency of a particular compound can vary from one 
laboratory to another and also from one batch of silica gel to another. 
Thus, it is necessary to determine at least once the percentage of methyl 
alcohol recovered in the desorption process. This procedure should be 
repeated for each new batch of silica gel tubes used.
Silica gel, equivalent to the amount in the first section of the 
sampling tube (700 mg), is measured into a 5-cm, 4-mm ID glass tube, flame- 
sealed at one end. This silica gel must be from the same batch as that 
used in obtaining the samples. The open end is sealed with a plastic cap. 
A measured amount of pure methyl alcohol is injected directly into the 
silica gel with a microliter syringe, and the tube is capped with plastic. 
The amount of methyl alcohol used is usually equivalent to that expected in 
a 3-liter sample of air at the environmental limit.
At least six tubes are prepared in this manner and allowed to stand 
overnight or longer; this should assure complete adsorption of the methyl 
alcohol onto the silica gel. These six tubes are referred to as the 
samples. A tube referred to as the blank should be treated like the sample 
tubes except that no methyl alcohol is added to it. The blank and sample 
tubes are desorbed and analyzed in the same manner described above for 
unknown air samples.
Two or three standards are prepared by injecting identical volumes of 
methyl alcohol into 1.0 ml of distilled water with the same syringe used in 
the preparation of the sample. These are analyzed with the samples. The
the jug/ml of methyl alcohol are read from a standard curve.
desorption efficiency (DE) equals the average weight in mg recovered from 
the tube divided by the weight in mg added to the tube.
DE = average weight recovered (mg) 
weight added (mg)
The desorption efficiency is dependent on the amount of analyte collected 
on the silica gel. The desorption efficiency versus the weight of analyte 
found should be plotted.
Standard Curve
Prepare a series of standards in the range of 1-40 Mg/ml methyl 
alcohol in distilled water containing 0.1% acetonitrile as an internal 
standard. Incorporation of the internal standard will adjust for day-to- 
day variations and variations during the same day due to changes in 
instrument sensitivity and column performance.
The internal standard is also added in the same concentration to the 
unknown samples. Standard curves are established by plotting the 
concentration of methyl alcohol (/¿g/ml) versus the ratio obtained by 
comparison of the area under the methyl alcohol peak with that under the 
internal standard peak. The concentration of methyl alcohol in the unknown 
sample is then calculated by comparison with the standard curve.
Calculations
(a) The concentration, in jug/ml, corresponding to each ratio is 
read from the standard curves for methyl alcohol.
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(b) Corrections for the known desorption efficiency of the 
sampling method must be made for each unknown sample analyzed.
corrected jug/ml = jig/ml from standard curve
desorption efficiency
Convert jug/ml to mg/ml (1 Mg = 0.001 mg).
(c) The concentration of methyl alcohol in the air sampled can be
expressed in mg/cu m or in ppm.
mg/cu m = corrected concentration (mg/ml) x volume of desorbant (ml)
air volume sampled (cu m)
ppm = mg/cu m x 24.45 x 760 x (T + 273)
MW x P x 298
where:
P = Pressure (mmHg) of air sampled
T = Temperature (C) of air sampled
24.45 = Molar volume (liter/mole) at 25 C and 760 mmHg
MW = Molecular weight (g/mole) of methyl alcohol
760 = Standard pressure (mmHg)
298 = Reference temperature of 25 C in degree, Kelvin
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X. APPENDIX III 
MATERIAL SAFETY DATA SHEET
The following items of information which are applicable to a specific 
product or material shall be provided in the appropriate block of the 
Material Safety Data Sheet (MSDS).
The product designation is inserted in the block in the upper left 
corner of the first page to facilitate filing and retrieval. Print in 
upper case letters as large as possible. It should be printed to read
upright with the sheet turned sideways. The product designation is that 
name or code designation which appears on the label, or by which the 
product is sold or known by employees. The relative numerical hazard 
ratings and key statements are those determined by the rules in Chapter V, 
Part B, of the NIOSH publication, An Identification System for 
Occupationally Hazardous Materials. The company identification may be 
printed in the upper right corner if desired.
(a) Section I. Product Identification
The manufacturer's name, address, and regular and emergency telephone 
numbers (including area code) are inserted in the appropriate blocks of
Section I. The company listed should be a source of detailed backup
information on the hazards of the material(s) covered by the MSDS. The 
listing of suppliers or wholesale distributors is discouraged. The trade 
name should be the product designation or common name associated with the 
material. The synonyms are those commonly used for the product, especially 
formal chemical nomenclature. Every known chemical designation or
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competitor's trade name need not be listed.
(b) Section II. Hazardous Ingredients
The "materials" listed in Section II shall be those substances which 
are part of the hazardous product covered by the MSDS and individually meet 
any of the criteria defining a hazardous material. Thus, one component of 
a multicomponent product might be listed because of its toxicity, another 
component because of its flammability, while a third component could be 
included both for its toxicity and its reactivity. Note that a MSDS for a 
single component product must have the name of the material repeated in 
this section to avoid giving the impression that there are no hazardous 
ingredients.
Chemical substances should be listed according to their complete name 
derived from a recognized system of nomenclature. Where possible, avoid 
using common names and general class names such as "aromatic amine," 
"safety solvent," or "aliphatic hydrocarbon" when the specific name is 
known.
The "%" may be the approximate percentage by weight or volume 
(indicate basis) which each hazardous ingredient of the mixture bears to 
the whole mixture. This may be indicated as a range or maximum amount, ie, 
"10-40% vol" or "10% max wt" to avoid disclosure of trade secrets.
Toxic hazard data shall be stated in terms of concentration, mode of 
exposure or test, and animal used, ie, "6.8 ml/kg LD50-oral-rat," "16.4 
ml/kg LD50-skin-rabbit," or "permissible exposure from 29 CFR 1910.93," or 
if not available, from other sources of publications such as the American 
Conference of Governmental Industrial Hygienists or the American National 
Standards Institute Inc. Flammable or reactive data could be flash point,
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shock sensitivity, or other brief data indicating nature of the hazard.
(c) Section III. Physical Data
The data in Section III should be for the total mixture and should 
include the boiling point and melting point in degrees Fahrenheit (Celsius 
in parentheses); vapor pressure, in conventional millimeters of mercury
(mmHg); vapor density of gas or vapor (air = 1); solubility in water, in
parts/hundred parts of water by weight; specific gravity (water = 1);
percent volatiles (indicated if by weight or volume) at 70 degrees
Fahrenheit (21.1 degrees Celsius); evaporation rate for liquids or 
sublimable solids, relative to butyl acetate; and appearance and odor. 
These data are useful for the control of toxic substances. Boiling point, 
vapor density, percent volatiles, vapor pressure, and evaporation are 
useful for designing proper ventilation equipment. This information is 
also useful for design and deployment of adequate fire and spill
containment equipment. The appearance and odor may facilitate
identification of substances stored in improperly marked containers, or 
when spilled.
(d) Section IV. Fire and Explosion Data
Section IV should contain complete fire and explosion data for the
product, including flash point and autoignition temperature in degrees
Fahrenheit (Celsius in parentheses); flammable limits, in percent by volume 
in air; suitable extinguishing media or materials; special firefighting 
procedures; and unusual fire and explosion hazard information. If the 
product presents no fire hazard, insert "NO FIRE HAZARD" on the line 
labeled "Extinguishing Media."
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The "Health Hazard Data" should be a combined estimate of the hazard 
of the total product. This can be expressed as a TWA concentration, as a 
permissible exposure, or by some other indication of an acceptable 
standard. Other data are acceptable, such as lowest LD50 if multiple 
components are involved.
Under "Routes of Exposure," comments in each category should reflect
the potential hazard from absorption by the route in question. Comments
should indicate the severity of the effect and the basis for the statement
if possible. The basis might be animal studies, analogy with similar 
products, or human experiences. Comments such as "yes" or "possible" are 
not helpful. Typical comments might be:
Skin Contact— single short contact, no adverse effects likely;
prolonged or repeated contact, possibly mild irritation.
Eye Contact— some pain and mild transient irritation; no corneal
scarring.
"Emergency and First Aid Procedures" should be written in lay 
language and should primarily represent first aid treatment that could be 
provided by paramedical personnel or individuals trained in first aid.
Information in the "Notes to Physician” section should include any 
special medical information which would be of assistance to an attending 
physician including required or recommended preplacement and periodic 
medical examinations, diagnostic procedures, and medical management of 
overexposed employees.
(e) Section V. Health Hazard Information
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(f) Section VI. Reactivity Data
The comments in Section VI relate to safe storage and handling of 
hazardous, unstable substances. It is particularly important to highlight 
instability or incompatibility to common substances or circumstances, such 
as water, direct sunlight, steel or copper piping, acids, alkalies, etc. 
"Hazardous Decomposition Products" shall include those products released 
under fire conditions. It must also include dangerous products produced by 
aging, such as peroxides in the case of some ethers. Where applicable, 
shelf life should also be indicated.
(g) Section VII. Spill or Leak Procedures
Detailed procedures for cleanup and disposal should be listed with 
emphasis on precautions to be taken to protect employees assigned to 
cleanup detail. Specific neutralizing chemicals or procedures should be 
described in detail. Disposal methods should be explicit including proper 
labeling of containers holding residues and ultimate disposal methods such 
as "sanitary landfill," or "incineration." Warnings such as "comply with 
local, state, and federal antipollution ordinances" are proper but not 
sufficient. Specific procedures shall be identified.
(h) Section VIII. Special Protection Information
Section VIII requires specific information. Statements such as 
"Yes," "No," or "If necessary" are not informative. Ventilation 
requirements should be specific as to type and preferred methods. 
Respirators shall be specified as to type and NIOSH or US Bureau of Mines 
approval class, ie, "Supplied air," "Organic vapor canister," etc. 
Protective equipment must be specified as to type and materials of 
construction.
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"Precautionary Statements" shall consist of the label statements 
selected for use on the container or placard. Additional information on 
any aspect of safety or health not covered in other sections should be 
inserted in Section IX. The lower block can contain references to 
published guides or in-house procedures for handling and storage. 
Department of Transportation markings and classifications and other 
freight, handling, or storage requirements and environmental controls can 
be noted.
(j) Signature and Filing
Finally, the name and address of the responsible person who completed 
the MSDS and the date of completion are entered. This will facilitate 
correction of errors and identify a source of additional information.
The MSDS shall be filed in a location readily accessible to employees 
exposed to methyl alcohol. The MSDS can be used as a training aid and 
basis for discussion during safety meetings and training of new employees. 
It should assist management by directing attention to the need for specific 
control engineering, work practices, and protective measures to ensure safe 
handling and use of the material. It will aid the safety and health staff 
in planning a safe and healthful work environment and in suggesting 
appropriate emergency procedures and sources of help in the event of 
harmful exposure of employees.
(i) Section IX. Special Precautions
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XI. APPENDIX IV 
COMBUSTIBLE GAS METER
Combustible gas meters are direct reading instruments and are
ordinarily calibrated to read the percentage of the lower explosive limit 
of a flammable gas or vapor in the air being tested.
Calibration curves must be prepared using the instructions provided
by the manufacturer.
The combustible gas meter can be tested by placing a sample of gas
from commercially available cylinders in a rubber bellows or internal air
pump which is connected to the meter. If the proper reading is not
obtained, the instrument should be checked for burnt-out filaments or
leaks. This should be repeated with other gases.
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XII. APPENDIX V 
FUTURE RESEARCH PRIORITIES FOR METHYL ALCOHOL
One of the most pressing research needs for methyl alcohol is the 
acquisition of updated information concerned with worker exposures and 
corresponding health effects, if any, in the contemporary workplace 
environment. The presently available information pertaining to these 
exposures is seriously inadequate. Most of the data deal either with 
overexposure to unknown high concentrations and resultant acute effects, or 
with longer-term exposures without evidence of adverse health effects.
Additionally, much of this information deals with outdated processes. 
The need to characterize contemporary airborne concentrations of methyl 
alcohol in industry is amplified by the possibility of stepped-up 
production and consumption of methyl alcohol if, for example, it were to 
become a major automotive fuel or fuel additive, for then the number of 
potentially exposed workers will correspondingly increase. Parallel 
studies in employees exposed at these concentrations will then need to be 
pursued. Particular attention should be focused upon the eyes 
specifically the retina, optic disk, and visual function —  and upon the 
central nervous system. Aided by such modern and sensitive techniques as 
electroretinography (retinal photography) with the fundus camera and direct 
ophthalmoscopy as well as electroencephalography to study changes in 
central nervous system function, the recommended research would serve both 
immediate and predictive purposes. In such studies, care should be taken 
to minimize percutaneous absorption of liquid methyl alcohol, so that any
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demonstrable effects will be directly related to inhalation of a known 
airborne methyl alcohol concentration.
Further studies of methyl alcohol toxicity should be undertaken in 
primates, since their metabolic pathways and clinical signs appear to be 
somewhat similar to those in humans. There is evidence that the ocular and 
neurotoxic effects of methyl alcohol in humans are largely mediated by 
metabolic oxidation products, possibly formaldehyde or formate. Controlled 
exposures of primates in the laboratory at various concentrations of methyl 
alcohol vapor, including long-term, low-level intermittent exposures (8-10 
hour day), accompanied by appropriate physiologic, biochemical, macro- and 
microscopic post-mortem examinations, could yield data on changes hitherto 
undetected in humans to supplement the epidemiologic studies already 
proposed. Appropriate caution in quantitatively extrapolating effects in 
other species, even primates, to humans should be applied. Studies on 
primates given formaldehyde or formate in doses corresponding to the 
experimental methyl alcohol exposures, assuming a stoichiometric conversion 
to these oxidation products, should be attempted. The occurrence of 
similar ocular and neurotoxic effects would be supportive evidence that 
these effects of methyl alcohol in humans are so mediated.
The sampling procedure recommended in this document, while usable, 
has not been tested in conjunction with the recommended analytic method. 
NIOSH is currently testing a modified gas chromatographic method (similar 
to that in this document) to be used in conjunction with the recommended 
sampling method.
In view of the demonstrated differences in metabolism of methyl 
alcohol between primates and lower animals, the utility of mutagenic,
127
teratogenic, or carcinogenic studies in rodents, often the species of 
choice for such studies, is not clear. Perhaps experimental exposures of 
rodents to the human metabolites of methyl alcohol would give useful 
information on these points.
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XIII. TABLES AND FIGURE 
TABLE XIII-1
PHYSICAL AND CHEMICAL PROPERTIES OF METHYL ALCOHOL
Molecular formula 
Formula weight
Apparent specific gravity at 20 C 
Boiling point at 760 mmHg 
Vapor pressure at 20 C 
Melting point 
Solubility in water
Solubility in alcohols, ketones, esters, 
and halogenated hydrocarbons
Flash point, Tag open cup
Flash point, Tag closed cup
Flammable limits 
(% in air)
Vapor density 
(air=l)
Corrosivity
Conversion factors 
(760 mmHg and 25 C)
CH30H
32.04 
0.7910
64.5 C 
96 mmHg 
-97.6 C 
Miscible
Miscible 
16 C 
12 C
6.72-36.50
1.11
Noncorrosive at 
normal atmospheric 
temperatures. 
Exceptions : lead and 
aluminum
1 ppm=1.310 mg/cu m 
1 mg/cu m=.763 ppm
Adapted from ANSI Z37 [2], the Manufacturing Chemists Association [3], 
and the Handbook of Chemistry and Physics [4]
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TABLE XIII-2
US METHYL ALCOHOL CONSUMPTION, 1973
Million Pounds Million Gallons
Formaldehyde 2,778 420
Dimethyl terephthalate 435 66
Solvent usage 565 85
Methyl halides 435 66
Methylamines 232 35
Methyl methacrylate 265 40
Inhibitor for formaldehyde 66 10
Exports 824 124
Glycol methyl ethers 81 12
Acetic acid 240 36
Miscellaneous 1,207 181
Total 7,128 1,075
From Blackford [5]
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TABLE XIII-3
POTENTIAL OCCUPATIONAL EXPOSURES TO METHYL ALCOHOL
Acetic acid makers 
Adhesive workers 
Alcohol distillery workers 
Alcohol lamp users 
Aldehyde pumpmen 
Antifreeze workers 
Art glass workers 
Automobile painters 
Aviation fuel handlers 
Bookbinders 
Bronzers 
Brushmakers
Denatured alcohol workers
Dimethyl sulfate makers
Drug makers
Drycleaners
Dye makers
Dyers
Ester makers 
Explosives workers 
Feather workers 
Felt-hat makers 
Flower makers, artificial 
Formaldehyde makers 
Foundry workers 
Furniture polishers 
Gilders
Glassmakers, safety
Hectograph operators
Incandescent lamp makers
Inkmakers
Japan makers
Japanners
Jet fuel workers
Lacquerers
Lacquer makers
Lasters
Leather workers 
Linoleum makers 
Lithographers 
Metal polishers 
Methyl acrylate makers
Methyl alcohol workers
Methyl amine makers
Methylation workers
Methyl bromide makers
Methyl chloride makers
Methyl methacrylate makers
Millinery workers
Motor fuel blenders
Organic chemical synthesizers
Painters
Paintmakers
Paint remover workers
Patent leather makers
Perfume makers
Photoengravers
Photographic film makers
Polish makers
Printers
Rayon makers
Resin makers
Rocket fuel handlers
Rocket fuel makers
Rubber shoe cementers
Rubber workers
Shellackers
Shellac makers
Shoe factory workers
Shoe finishers
Shoe heel coverers, wood
Shoe stitchers
Soapmakers
Straw-hat makers
Sugar refiners
Textile printers
Type cleaners
Vacuum tube makers
Varnish workers
Vulcanizers
Wood alcohol distillers 
Wood stainers 
Wood stain makers
From Gafafer [6]
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TABLE XII1-4
ANIMAL EXPERIMENTATION RESULTS
OF METHYL ALCOHOL EXPOSURE
Route of Ref-
Species Exposure Dose Effect erence
Monkeys Inhalation 5,000 ppm The monkey survived for 47
duration an unstated period of time,
unknown
1,000 ppm The monkey died promptly 47
duration upon exposure at this level,
unknown
Dogs " 450-500 ppm Blood levels of methyl 41
8 hr/day alcohol were found to range
7 days/week from 10 to 15 mg/100 ml
for 379 days of blood and on occassion
went as high as 52 mg/100 ml.
No abnormal eye findings 
were reported.
Oral 2.5 to 9.0 g/kg 
body weight
Of the 9 treated dogs, 2 
died at doses of 4 and 
9 g/kg. CO2 combining 
capacities dropped below 
normal in 2 dogs, and no 
ophthalmoscopic changes 
were noted.
42
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TABLE XIII-4 (CONTINUED)
ANIMAL EXPERIMENTATION RESULTS
OF METHYL ALCOHOL EXPOSURE
Species
Route of 
Exposure Dose Effect
Ref­
erence
Monkeys Oral 1.0 to 8.0 Acidosis developed in
g/kg monkeys receiving doses
ranging from 3.0 to 6.0 
g/kg. The animal receiving 
1.0 g/kg did not develop 
acidosis. Definite eye- 
ground change occurred to 
2 of the acidotic monkeys.
42
Rats 4.75 g/kg 70% mortality 42
4.5 g/kg None of the 9 tested rats 42
developed acidosis.
Rabbits 3.5 g/kg One animal receiving this
dose died in less than 24 
hours. No eye fundus 
changes were reported.
42
Rabbits 2.1 g/kg Of the 3 animals tested at
this dose, all died between 
24 hours and 3 days after 
dosing.
42
Intra- 10 mg and At 10 mg, there was no skin
cutaneous 35 mg reaction, whereas at 35
mg, a 9-sq mm skin reaction 
occurred.
49
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TABLE XIII-4 (CONTINUED)
ANIMAL EXPERIMENTATION RESULTS
OF METHYL ALCOHOL EXPOSURE
Species
Route of 
Exposure Dose Effect
Ref­
erence
Monkeys i.p. inj 0.5 g/kg of 
14 C-methyl 
alcohol with 
an equimolar 
amount of 
ethyl al­
cohol
The ethyl alcohol reduced 
the oxidation of methyl 
alcohol 90%.
52
1.0 g/kg
14 C-methyl 
alcohol and
6.0 g/kg 
14C-methyl 
alcohol
The methyl alcohol was 
oxidized at a rate of 
37 mg/kg/hour between the 
first and fourth hour. The 
C02 formation was linear at 
the high dose; the oxidation 
rate was 47 mg/kg/hour which 
is a significant difference.
52
Rats " 1.0/kg 14C- The oxidation rate of the 51
methyl methyl alcohol was 24 mg/kg/hr
alcohol for the first 28 hours. At
the end of 36 hours 77% of 
the methyl alcohol had been 
oxidized to 14C-labled C02 
and 24% was excreted unchanged 
in approximately equal amounts 
by the pulmonary and combined 
urinary and fecal routes.
134
TABLE XII1-4 (CONTINUED)
ANIMAL EXPERIMENTATION RESULTS
OF METHYL ALCOHOL EXPOSURE
Route of Ref-
Species Exposure Dose Effect erence
Monkeys i.p. inj 2-4 g/kg Consitent development of 53
acidosis. At 4 g/kg methyl 
alcohol the following oc­
curred : blood bicarbonate
(p C02 and total C02) de­
creased, blood pH de­
creased, blood pH decreased 
over 7 1/2 to 21 hours, 
glucose increased moderate­
ly. There was a marked 
formate increase, also in­
creases of lactate, alpha- 
hydroxybutyrate, beta- 
hydroxybutyrate, alpha- 
ketobutyrate, acetoacetate, 
p-hydroxyphenylacetate 
and p-hydroxyphenyllactate.
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FIGURE XIII-1 CALIBRATION SET UP FOR PERSONAL SAMPLING WITH SILICA GEL TUBE
PERSONAL
SAMPLING
PUMP
D E P A R T M E N T  O F  
H E A L T H .  E D U C A T I O N ,  A N D  W E L F A R E
P U B L I C  H E A L T H  S E R V I C E  
C E N T E R  F O R  D I S E A S E  C O N T R O L  
N A T I O N A L  I N S T I T U T E  F O R  O C C U P A T I O N A L  S A F E T Y  A N D  H E A L T H  
R O B E R T  A T A F T  L A B O R A T O R I E S  
4 6 7 6  C O L U M B I A  P A R K W A Y .  C I N C I N N A T I  O H I O  4 5 2 2 6
O F F I C I A L  B U S I N E S S
P E N A L T Y  F O R  P R I V A T E  U S E  S 3 0 0
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